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NINETEENTH ANNUAL REPORT

OF THE

Board of Control of the New York Agricultural

Experiment Station.

TREASURER'S REPORT.

Geneva, N. Y., October 1, 1900.

To the Board of Control of the New York Agricultural Experiment

Station: ,

As Treasurer of the Board of Control, I respectfully submit

tlie following report for the fiscal year ending September 30,

1900.

Appropriation 1898-99.

MAINTENANCE.

Receipts.
1899.

Oct. 1. To balance on hand f10,839 77

To custom-house dnty returned 20 63

$10,860 40

Tjxpeiiditnres.

By building and repairs $1,069 59

By chemical supplies 142 97

By contingent expenses' 285 85

By feeding stuffs . , ., 128 50

^y fertilizers 43 60

iBy freight and express 88 65

JBy furniture and fixtures , 175 69
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Bj heat, light and water

Bj labor

Bj library

By postage and stationery

By publications

By salaries

By scientific apparatus

By seeds, plants and sundry supplies. . . .

By tools, implements and machinery. . . .

By traveling expenses

1299
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Expenditures.
1900.

Oct. 1. By labor ." |9,024 29

Balance 2,975 71

112,000 00

t ' '

EXPENSES.

Jiccelpts.

1899-1900.

To am'oiint received' from Comptroller. . . |11,250 00

To amount due from Coinptroller 3,750 00

|15,00'0 00

By building and repairs |1,725 18

By chemical supplies 235 10

By contingent expenses 1,653 52

By feeding stuffs 859 49

By fertilizers 4 72

By freigM and express 174 44

By furniture and fixtures 495 51

By beat, ligbt and water 1,516 94

By library G51 53

By live stock 582 00

By poistage and stationery 834 45

By publications 1,213 94

By scientific apparatus 48 89

By seeds, plants and sundry supplies. . . . 1,123 11

By tools, implements and machinery. . . . 460 40

By traveling expensets 078 52

112,257 74

1900.

Oct. 1. Balance 2,742 26

$15,000 00

t . -==
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Expense of Bulletins and Enforcing Provisions of Chapter

955, Laws 1896. Appropriation 1898-1899.

Receipts.

1899.

Oct 1. To balance $1,320 31

To amount received from Comptroller. . . 5,000 00

^Expenditures.

By heat, light and water

By postage and istationery

By publications

By gaiaries ,

By traveling expenses

1900.

Oct. 1. Balance on hand 6 20

$6,320
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By seeds, plants and sundry supplies.

By traveling expenses

By tools, implements and machinery .

1900.

Oct. 1. Balance

?1
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Expenditures.

By chemical supplies

By contingent expenses

By feeding stuffs

By fertilizers

By freight and express

By furniture and fixtures

By heat, light and water. . .
.^

By labor

By library

By postage and stationery

By publications

By salaries

By scientific apparatus

By seeds, plants and sundry supplies. .

By tools, implements and machinery. .

By traveling expenses

By rents (land)
1900.

Oct. 1. Balance in Albany |1,*)7.5.58 and the ap-

propriation of |S,000 for 1900-19U1 .|7,700 27

$162
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Paris Green Law, Chapter 113, Laws 1898, Appropriation

1898-1899.

Receipts.

To amount received from Comptroller. . $400 96

1400 96

Expenditures.
Publications $173 00

Salaries 227 96

$400 96

Oct. 1. Balance in Albany $475 14

1900.

United States Appropriation, Approved March 2, 1887.

To amount received from the Treasurer of

United States for the fiscal year ending

June 30, 1900 $1,500 00

Expenditures.

Contingent expenses $64 9'9

Feeding stufifs : 73 90

Freight and express 50 37

Heat, light and water 121 14

Library 23 07

, Live stock 500 00

Postage and stationery 32 56

Scientijfic apparatus 58 79

Seeds, plants and sundry supplies 385 74

Tools, implements and machinery 2 50

Traveling expenses 186 94

$1,500 00
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Produce Sold.

Receipts.

1899-1900.

To amount received for produce sold. . . . $223 20

Expenditures.

By amount remitted to Treasurer, State

of New York |223 20

Fertilizer License, Chapter 955, Laws 1S9G, Amended by

Chapter 687, Laws of 1899.

Receipts.

1899-1900.

To amount received for fertilizer licenses $11,700 00

Expenditures.

Bj amount remitted to Treasurer, State

of New York $11,700 00

PiDEDiNG Stuff License, Chapter 838, Laws op 1893, Amended

BY Chapter 510, Laws 1899.

Receipts.

1899-1900.

To amount received for feeding stufif li-

censes $2,550 00

Expenditures.
«

By amount remitted to Treasurer, State

of New York $2,550 00

All expenditures are supported by vouchers approved by the

auditing committee of the Board of Control, and have been fur-

nished the Comptroller of the State of New York.

William O'Hanlon,

Treasurer.



DIRECTOR'S REPORT FOR 1900
*

To the HonornhU Board of Control of the New YorJc Agricultural

Experiment Station:

Gentlemen: I have the honor to submit herewith a report of

the New Yorli Agricultural Experiment Station for the year 1900.

It is a matter of sincere congratulation that I am able to report

to you the completion of another year's work of an apparently

useful character and unattended by any serious disappointments

or disasters.

THE STATION STAFF.

Mr. Wendell Paddock, after serving the Station faithfully and

efficiently for nearly seven years as Assistant Horticulturist,

resigned hie position on September 15th to accept the chair of

Botany and Horticulture in the Agricultural College of Colorado.

Mr. Heinrich Hasselbring, B. S. A., a graduate of Cornell Uni-

versity from the Course in Agriculture, and for a year assistant

in ibotany at that inetitution, was appointed to fill Mr. Paddock's

place. Mr. Hasselbring entered upon his duties November 1,

1900.

During the year, acting upon your authority, assistants have

been appointed in the departments of Bacteriology, Chemistry

and Entomology, as follows:

Lore A. Eogers, B.S., Assistant Bacteriologist, July 10th.

Andrew J. Patten, B.S., Assistant Chemist, August 1st.

Percival J. Parrott, A.M., Assistant Entomologist, August 1st.

Mr. Rogers graduated from the Course in Agriculture at the

University of Maine in 189G, and as special preparation for his

work spent two years in bacteriological studies, one at the Uni-

versity of Wisconsin and one at this institution.

• Reprint of Bulletin No. 195.



10 Director's Report of thb

Mr. Patten was a graduate from the Chemical Course of the

University of Maine in 1897, and for three years was Assistant

Chemist in the Maine Agricultural Experiment Station.

Mr. Parrott graduated from the Kansas State Univereity in

1897, and until his appointment to this staff was Assistant Ento-

mologist at the Kansas Agricultural College.

Two mein'bers of the staff are now away on leave of absence,

Mr. Edwin B. Hart and Mr. A. D. Cook.. The former is study-

ing in Europe and the latter at Cornell University.

BUILDINGS AND THE GENERAL CONDITION OP THE STATION PROPERTY.

The much needed 'appropriation for the ejection of a Director's

houise was granted by the Legislature of 1900. Contracts for

completing this building within the appropriation have been let

and its construction is well under way.

The completion of the plan for the improvement which yon

adopted, requires that the building now occupied by offices and

the living rooms of the Director's family shall be recomstructed

internally so as to furnish convenient facilities for the entire

administrative work of the Station and the library. It is to be

hoped that means for doing this will be provided by the Legis-

lature of 1901.

It may ibe said that in general the property of the Station is in

excellent condition. The chemical laboratory which has been

occupied nearly ten years without repairs will soon need more

or less attentioH, and a partial reconstruction of the interior

arrangement of the cattle barn should be accomplished.

FINANCIAL CONDITION.

The work of the Station has so developed during the last five

years that it requires careful planning to bring the expenses of

the institution within its present income, an income for which

no increase has 'been asked of the State during the past six years,

notwithstanding a consideraible enlargement of our staff and

activities. As a matter of fact, the annual appropriations for

maintenance which are raised by taxing the citizens of the State

are |10,000 less than they were previous to 1900, because the fer-
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tilizer inspection, for which |10,000 was formerly appropriated

annually, is now self-supporting.

There is no good reason why the income of the Station should

permanently remain at its present amount. So long as our efforts

can be enlarged and strengthened in the service of the agriculture

of the State and to its satisfaction, it will be found profitable to

iucrease the expenditures in the interests of out greatest indus-

try. In consideration of its environment and opportunities and

of the wealth and position of the commonwealth which maintains

it, this Station is entitled to attain a leading position in its equip-

ment and in the character of its work. The citizens of this State

may well make it a matter of pride to insist that this high con-

dition of efficiency be reached and maintained.

THE MAILING LIST.

At the present time the bulletins of the Station are distributed

as follows:

Popular Bulletin List.

Residents of New York 33,1G3

Residents of other States 1,075

Newspapers 760

Experiment stations and their staffs. 779

Miscellaneous 131

Total 35,908

• Complete Bulletin List.

Experiment stations and their staffs 799

Libraries, scientists, etc , 257

Foreign list 95

Individuals 1,282

Miscellaneous 131

Total 2,544
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farmers' institute work.

The membeTS of the Station staff continue to serve as speakers

at farmers* institutes under an arrangement which tends to econ^

omize time and energy. It is understood that such service shall

not exceed a stated length of time and shall be confined to not

more than two periods of absence from the Station. The reasons

for such limitations as these axe obvious.

inspection work.

This department of activity is gradually broadening. The

Slation is now responsible for inspection along four lines; fertil-

izers, concentrated feeding stuffs, insecticides and the Babcock

glassware used for commercial purposes at creameries and cheese

factories. The first two lines are rendered self-supporting

through the license fees required by law. For the maintenance

of the two latter no provision is made except as special appro-

priations may be granted.

The requirements of the fertilizer law are very fully met by the

trade. It is safe to say that few brands of fertilizers are illegally

sold in New York. It is still more satisfactory to note that man-

ufacturers are, as a rule, very careful to maintain the standard of

their goods up to the guarantee.

All this is due to a general acquaintance with the terms of the

law and to the recognition of the fact, through experience, that

the legal restrictions are beneficial to both manufacturer and con-

sumer.

The concentrated feeding stuffs law has been in operation but

little more than a year. It has been complied with very cheer-

fully and promptly by the leading manufacturers and jobbers

and there is evidence that it is growing in influence and favor.

Without question its provisions will in time be as fully met as

is now the case with the fertilizer law, and its beneficence will be

as fully recognized.

The detailed results of inspection along all lines will be men-

tioned later.
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experiments in cooperation with farmers.

Experience is demonstrating that one very useful, and even

essential, means of carrying on a certain class of experiments

is the cooperation with farmers. In this way conditions can be

secured which are not available on the Station farm.

During 1900 experiments of a cooperative nature have been

carried on as follows: The use of commercial fertilizers in grow-

ing potatoes, with H. L. Hallock, Jamesport^ W. A. Fleet, Out-

chogue, W. L. Jagger, Southampton, and R. H. Bobbins, East

Williston; the use of commercial fertilizers on onions, with

Stephen Mars, Florida; prevention of cabbage rot, with D.

White, Phelps; prevention of onion smut, with Stephen Mars,

Florida; prevention of asparagus rust, with Arthur L. Downs,

Mattituck; prevention of peach leaf curl, with George D. Robin-

son, Riverhead; treatment of apple canker, with Harry Chapin,

East Bloomfield; prevention of San Jos^ scale by fumigation and

spraying, with W. & T. Smith, W. & T. Cass and C. H. Darrow,

of Geneva, O. W. Ward, Queens, White & Rice, Yorktown, and

G. H. Scudder, Huntington; spraying orchards in bloom, with

George H. Bradley & Son, Lake Road, J. B, Collamer & Son,

Hilton, F. D. Gardner, Barker, and T. B. Wilson, Halls Corners;

investigation concerning the degeneration of varieties and an

experiment in chestnut growing, with W. D. Barns & Son, Mid-

dle Hope; fertilizing fruit tree blossoms by bees, with S. D.

Willard, Geneva; irrigation of strawberries, with W. F. Taber &

Son, Poughkeepsie. In all these cases the Station is given ac-

cess to property and more or less control over it, and in some

instances the parties mentioned assume partial responsibility

in conducting the experiments. The officers of the Station are

under obligation to the persons mentioned for cordial and faith-

ful assistance.

THE RESULTS OF INSPECTION WORK.

Inspection of fertilizers.
—The new fertilizer law has proved

yery efficient in diminishing the number of brands of fertilizers

offered for sale. In 1900, 113 manufacturers paid._ license fees
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and complied with the provisions of the law relative to 600 dif-

ferent brands. The number of brands registered in 1890 was

2268, offered by 190 supposed manufacturers.

The number of samples collected between April 5th and

October 1st was 638, representing 450 brands, each manufacturer

being represented by from 1 to 28 bmuds. The results of the

inspection during the year show that few brands fell short of

the guarantees to any important extent.

Inspection of concentrated feeding stuffs.
—The concentrated feed-

ing stuffs law practically became effective at the beginning of

the year 1900. Eighty-two manufacturers registered their goods

and paid license fees on one hundred and four brands. During

the year many samples of feeding stuffs were selected at dif-

ferent points in the State, one hundred and four of which were

analyzed, the results being published in bulletin 176. The re-

sults of the inspection show that in the main the leading nuinu-

facturers are meeting their. guarantees. It also appears that

some feeding stuffs were sold illegally, which is not surprising

in view of the short time during which the law has been in

operation. There are evidences that the law is meeting with

favor and that it is exerting a valuable educational influence.

Inspection of Paris green and other insecticides.—Twenty-seven

samples of Paris green and other insecticides were taken and

analyzed. The general result is to show a good quality of Paris

green in the market. One brand was found to be wholly unfit

for use. The law under which we are operating is seriously

defective in several points and it is proposed to ask the Legis-

lature of 1901 to amend it.

Inspection of Bahooeh test glassware.
—The Legislature of 1900

passed a law requiring that' all Babcock glassware used by

creameries and cheese factories which buy milk on the basis of

the Babcock test shall be examined by the Station and marked.

During the year 2,259 bottles have been received, 76 of which

were inaccurate. The new bottles were, as a rule, fairly correct,

the largest variation being in those made in the early history of

the test. Some bottles of that character showed a variation of

one per ct. from the true scale.
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department op baotbriology.

The following work has been carried on by the bacteriological

department with the active cooperation of the dairy expert on

all points which called for a knowledge of practical conditions.

Fishy flavor in milk.—An outbreak of this trouble was traced

to the milk of a single animal. This cow seemed in good health

but the milk possessed this intensely disagreeable flavor when

freshly drawn. By tainting all the milk with which it was

mixed the product of this one cow had caused a marked falling

off in the business of a city dealer. All trouble ceased when the

milk of this one animal was rejected. No biological cause for

the flavor could be discovered.

Bitter flavor in Neufchatel cheese.—An outbreak of the trouble

in a factory was studied and found due to the activity of certain

kinds of bacteria. By making cheese from samples of the milk

of each patron the source of the trouble was located and re-

moved.

Sweet flavor in CJieddar cheese.—Work upon this subject has

been continued throughout the year. It has been found that

while yeasts occur but rarely in clean-flavored cheese they are

regularly present in considerable numbers in all cheese selected

for our study by cheese experts as typical examples of sweet

flavor. This opens up an entirely new field concerning the rela-

tion of yeasts to bad flavors in cheese and work is being continued

along this line.

Rusty spot in Cheddar cheese.—Reports seem to show an in-

crease in trouble from this source during the present year. The

bacterium causing the trouble was isolated from the product of

factories in three different counties and its action studied when it

was introduced into the cheese vat. When cultures of the germ
were mixed with the milk before adding the rennet, little dis-

coloration of the cheese resulted; but when introduced into the

vat after the curd was cut, the cheese became very red.

This would seem to indicate that the time of introduction is

important, and that infection from the factory and utensils is a

more probable source of harm to the cheese than introduction
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directly through the milk of the patrons. Work upon this sub-

ject will be continued.

DEPARTMENT OF BOTANY.

A parasite of carnation rust.—It hafi been discovered that the

oarnation rust fungus is frequently attacked by a parasite fungus,

Darluoa flum. Darluca is a well-known parasite of rust fungi,

but, heretofore, it has not been known that it attacks carnation

rust. The parasite m not likely to be a very important factor in

the control of the rust.

Anthracnose and stem rot of the snapdragon.—The cultivated

snapdragon. Antirrhinum majus, is subject to a destructive funr

gous disease which spots the stems and leaves. It is called

anthracnose and is caused by an undescribed fungus to which

we have given the name CoUetotrichum antirrhini. In an experi-

ment on the treatment of this anthracnose, plants sprayed once

a week with Bordeaux mixture continued in perfect health, while

unsprayed plants in an adjoining row were completely ruined

by the disease. Upon the results of this experiment we base the

following recommendations: Spray thoroughly with Bordeaux

mixture once a week, commencing as soon as the plants are

rooted and continuing until they are put into the greenhouse in

the fall, ilf later sprayings seem necessary use ammoniacal solu-

tion of copper carbonate instead of Bordeaux. Take cuttings

only from healthy plants.

Stem rot is another disease of the snapdragon in which succu-

lent shoots suddenly wilt and die. It has been shown by inocu-

lation experiments that the cause of this trouble is a fungus be-

longing to the genus Phoma.

The sulphur-lime treatment for onion smut.—Smut is the most

destructive disease of the onion. It kills large numbers of the

seedling plants. During the past five years we have been con-

ducting extensive field experiments in Orange County on the pre-

vention of smut by the use of sulphur and air-slaked lime.

Where these substances were scattered in the open rows before

the seed was sown the yield was increased at the rate of from 40
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to 100 barrels per acre. The results of the experiments were so

satisfactory that we can unhesitatingly recommend the treatment

for fields on which smut has caused a loss of as much as one-

third of the crop. The proper quantity to use appears to be 100

pounds of sulphur and 50 pounds of lime per acre. It will not do

to apply the sulphur and lime broadcast, as they seem to have

no effect upon the smut when applied in that way. The applica-

tion must be made in the open rows before, or while, sowing the

seed.

Plant diseases caused hy RMzoctonia.—RJiizoctonia is a form-

genus including several species of sterile fungi which cause root-

rot, stem-rot and damping-off diseases of various cultivated

plants. In Europe, considerable attention has been given to

Rhizocionia diseases, but in this country their investigation has

been neglected, although it appears that such diseases are com-

mon here and some of them very destructive.

This Station, in cooperation with the Cornell University Agri-

cultural Experiment Station, has undertaken an exhaustive study

of RMzoctonia diseases. A preliminary report of the investiga-

tions was published as Bulletin 186.

Fruit-disease survey of Western New York.—In the season of

1000 the Station made a fruit-disease survey of Western New York
similar to the one made in the Hudson Valley in 1899'. This survey

has brought to light several new and important facts concerning

fruit diseases. Among other things, it has been discovered that

there exists in this State a destructive raspberry canewblight

which is caused by a fungus belonging to the genus Goniothyrium.

This disease will be anade the subject of a special investigation

during the coming season.

DEPARTMENT OF ENTOMOLOGY.

The palmer wot^i.—The life history of this species, Ypsolopus

pometelliis, has been worked out during the past season. Apple
leaves and young apples constitute the principal food of the

caterpillars. Although well distributed' throughout Western

2
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New York the insect was most destructive in Wayne, Monroe,

Orleans and Niagara Counties.

Fi-uit lark beetle.—Oibservatione upon this spedes, Scohjtus

rugulosiis, were begun last season and are being continued. It

lias been supposed that the beetles usually confine their attacks

to sickly trees, but the past season's investigations have shown

that they will also attack and deposit their eggs in healthy, vigor-

ous trees. In some of the large peach orchard's in Niagara

County the beetles worked extensively in the bark of the trunks

and large limbs, causing a copious exudation of sap. Cherry

trees were also attacked, but to a less degree. Eggs and larv»

were found late in the fall in the sapwood of the smaller branches,

into which the beetles had made short channels.

These habits of the insect indicate two methodis of treatment:

First, the application of a caustic wash to the bark and larger

limbs during July; and second, the careful cutting out of the

infested branches during the winter, as explained in Bulletin 180.

Quince mealy-hug.
—A species of Dactijlopius attacking quince

trees. The life history of this species has been worked out in

part. The studies will be continued until completed.

Wheat sawfli/.
—An investigation into the cause of "

lodging
"

of wheat showed that a species of sawfly is probably responsible

for much of the injury attributed to the Hessian fly. The sawfly

larva feeds within the straw from the root to the head, but

finally weakens it just above the crown of the root so that the

wind causes it to break very low down. Hence wheat "
lodged

"

as a result of the work of this insect lies close to the ground the

full length of the straw. The kernels are but little affected.

The insect passes the remainder of the summer and the winter

in the crown of the root, appearing in the spring as a small four-

winged fly.

The origin and early stages of parthenogenetic and sexual eggs of

aphids.
—These investigations have to do with some of the funda-

mental problems of insect development. They were begun a year

ago, and are being continued. Up to the present time the details
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of the formaticn of the polar body in the parthenogenetic egg

have been worked out.

San Jose scale.—These investigations may be divided under

two head's: (1) The development of the insect, and (2) the

methods of control. During development the insect passes

through three well-defined periods: (1) The period of activity;

(2) the period of growth, and (3) the period of reproduction.

The duration of all of the periods varied greatly with the tem-

perature. During the active period the larvse migrated readily

over smooth surfaces. Numerous insects, representing five

orders, were found from time to time with larvae clinging to

them. Ants, bees and wasps apparently do not carry them.

During the period of growth the scale is formed. The average

number of young produced per day by female of the fall broods

was a little over two.

Experiments with kerosene oil, 100° fire test and 150° fire test,

showed the former to be dangerous to the trees at the lowest

percentage, when mixed with water, required to kill the scale.

The latter gave similar results with peach trees and injured plum
trees to a very slight degree when used strong enough to be

effective to the scales. Apples and pears were uninjured. Ex-

periments are also being made with crude petroleum and hydro-

cyanic acid gas. A fumigator for orchard trees has been devised

which was successfully used in the experiments.

•

department op horticulture.

Fumi(pati(m of nursery stock.—The best known way of killing

San Jos^ scale on dormant nursery stock is by funnigation with

hydrocyanic acid gas. This treatment is valuable not only

against San Jos^ scale, but against all scale insects which do not

winter in the egg stage. It will doubtless also check the spread
of some other kinds of injurious insects which are liable to be

distributed on nursery stock:

Plain directions for fumigating dormant nursery stock with

hydrocyanic acid gas are published in Bulletin 174 together with
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suggestions as to the location and construction of fumigation

houses or chambers.

Spraying fruit trees in Uoovi.—The effect of spraying fruit trees

when in bloom with the common insecticides and fungicides

which are used in orchards has been under investigation during

the past season. The work was carried on both in the labora-

tory and in the orchard. In the laboratory the germination of

pollen grains and the growth of pollen tubes in cultures which

contained none of the poisons used in spray mixtures were com-

pared with the germination and growth in cultures which con-

tained either some insecticide or some fungicide, or both.

In these cultures both the Bordeaux mixture and copper

arsenite of the strength commonly used in spraying apple orch-

ards practically prohibited the germination of the pollen grains

with which they came in contact. In cultures containing but

2 per ct. of the 1-to-ll Bordeaux mixture pollen) germination

occurred only in rare cases; while even the presence of only 1

per ct. of this mixture had a decidedly adverse influence on

the germination of pollen and the development of pollen tubes.

In the field investigation an effort was made to learn what

effect the spray mixtures have upon (a) the essential organs of

the flower, (b) upon the yield of fruit and (c) upon the fungous

diseases and insects which are injurious to the crop.

In almost all cases where the blossoms were hit in the center

by the spray they failed to set fruit. In some cases the spray

caused the stamens and pistils to wither prematurely. Oc-

casionally when the spray hit the stigmatic surface the pistils

remained green for an unusually long time awaiting pollination,

but at last they withered and set no fruit. The laboratory cul-

tures showed that the pollen could not grow in the presence of

even quite dilute spray mixtures. It seems, therefore, that the

spray mixture on the stigmatic surfaces, in the cases just cited,

by preventing the growth of any pollen which may have reached

the stigmas caused the blossoms to fall away without setting

fruit.
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Tests were made in four apple orchards besides those at the

Experiment Station to see what effect spraying in bloom would

have upon the insects and diseases which may be injurious to

the crop and also upon the yield of fruit. The investigations

gave no information as to whether or not the injurious insects

and diseases may be controlled by spraying in bloom better than

by earlier and later treatment, because the orchards under ex-

periment were quite free from these troubles at spraying time.

Even with trees which had a great abundance of blossoms

spraying in bloom decreased the yield on the average from one-

third bushel to one and a half bushels per tree. Spraying trees

at several different times while they were in bloom so as to hit

both the early and the late blossoms with the spray ruined the

crop of fruit.

Second report on New York apple-tree canker.—Since Bulletin

163 on the New York apple tree canker was published, Mr. Pad-

dock has continued his investigations on this subject. He finds

the fungus which causes this trouble, Sphwropsia malormn,

occurs on several hosts, including apple, pear and quince fruits

and apple, pear and hawtJiorn trees. Sunscald and sunburn un-

doubtedly have much to do with the susceptibility of some

varieties of apple trees to the canker. The fungus which causes

the canker in such cases undoubtedly gains entrance to the

cambium through the tissue which has been injured by the

sunscald br sunburn. In some parts of the country where sun-

scald and sunburn are much more injurious than they are in the

apple-growing sections of New York State some make a practice

of spraying trees in winter with whitewash to prevent sunscald,

and train the trees to thick low heads to prevent injury in sum-

mer from sunburn. Mr. Paddock recommends spraying with

Bordeaux mixture as a preventive of canker.

He has found that Nectria ditissima, which is a serious canker

fungus in European orchards, occurs on apple trees in New York

and Nova Scotia.
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CROP production.

Experiments in plant nutrition.—During the years 1898 to 1900,

inclusive, forcing house experiments were conducted relative to

the much discussed substitution of soda for potash in plant

growth. Several series of observations were made which were

consistent within themselves and with the investigational results

of the paet. It was clearly shown that while soda may be sub-

stituted for potash in quantity, it cannot supply the place of pot-

ash in physiological function. Incidental observations raised the

question of the necessary proportion of potash in the plant which

is to be made the subject of future studies.

Commercial fertilizers in potato groioing.
—Experiments in

potato growing conducted for four years on four Long Island

farms with fertilizers varying in quantity from 500 pounds to

2,000 pounds per acre showed that on the average the largest

profit was realized from the use of 1,000 pound^.

In comparing mixtures the so-called Long Island formula^ 4,

8 and 10, proved to be superior to a potato formula 7, 4 and lOi.

Other experiments with varying quantities of potash gave re-

sults which do not justify the use of such large quantities of this

ingredient as are now being applied to potato growing by many

Long Island farmers whose conditions are similar to those under

which these tests were made.

One incidental result of these experiments was to make it

clearly evident that a large supply of available plant food does

not necessarily insure a satisfactory crop. Other conditions

which largely pertain to culture, such as texture, humus and

water supply, exercise a controlling influence, and when these con-

ditions are unfavorable the situation is not overcome by heavy

applications of fertilizer.

DAIRY DEPARTMENT.

Inftuence of the temperature of curing upon the quality of cheese.—
The experiments in cheese-curing which have been conducted for

two years have results of the highest importance from the com-

mercial standpoint. Oheeses have been cured at temperatures
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varying from 55°F. to 80°F., the higlier temperatures represent-

ing tlie common factory conditions.

Of the cheeses made in 1899 those cured at 60°F. and below

scored, on the average, almost 5 points higher on flavor and 2.5

points higher on texture than those cured at 65°F. and above.

In 1900, the average difference in flavor of the lower tempera-

tures was 5.1 points on flavor and 2.7 points on texture.

This is a matter well worth the attention of all cheese factory

managers^ because these differences in commercial quality are

sufficient to cause important differences in the selling price.

bulletins published in 1900.

No. 174. March.—Fumigation of nursery stock. S. A. Beach.

Pages 8, figs. 2.

No. 175. April.
—A parasite upon carnation rust. Frederick H.

Blodgett. Pages 5, plates 3.

No. 176. September.—Inspection of concentrated commercial

feeding stuffs during 1900. W. H. Jordan and C. G.

Jenter. Pages 22.

No. 177. November.—Keport of analyses of commercial fertil-

izers for the spring and fall of 1900. L. L. VanSlyke

and W. H. Andrews. Pages 63.

No. 178. November.—Inspection of Babcock milk test bottles.

W. H. Jordan and G. A. Smith. Pages 5.

No. 179. November.—An anthracnose and a stem rot of the cul-

tivated snapdragon. F. G. Stewart. Pages 6,

plates 3.

No. ISO. December.—Miscellaneous notes on injurious insects:

The forest tent-caterpillar; the fruit-bark beetle; a

mealy-bug attacking quince trees; two apple-leaf

miners; injury to peaches by the tarnished plant-bug.

V. H. Lowe. Pages 22, plates 8.

No. 181. December.—A fumigator for small orchard trees.

y, H. Lowe. Pages 6, plates 5.
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No. 182. December.—Experiments on the eulpliur-lime treat-

ment for onion smut. F. A. Sirrine and F. C. Stew-

art. Pages 28, plate 1.

No. 183. December.—Notes on some dairy troubles: Flavor in

milk and its products; fishy flavor in milk; bitter

flavor in Neufchatel cheese; sweet flavor in Cheddar

cheese; rusty spot in Cheddar cheese. H. A. Hard-

ing, L. A. Rogers and G. A. Slnith. Pages 21.

No. 184. December.—The influence of the temperature of curing

upon the commercial quality of cheese. Greo. A.

Smith. Pages 9.

No. 185. December.—The New York apple-tree canker: Second

report. Wendell Paddock. Pages 9, plates 4.

No. 186. January, 1901.*—The sterile fungus Rhizoctonia as a

cause of plant diseases in America, B. M. Duggar
and F. C. Stewart. Pages 30, plates 9. (In coopera-

tion with Cornell University Agricultural Experi-

ment Station.)

No. 187. December.—Commercial fertilizers for potatoes, III.

W. H. Jordan. Pages 20.

No. 188. December.—Spraying for asparagus rust: I. Tests

with resin-Bordeaux ifLixture. II. The Downs'

power asparagus sprayer. F. A. Sirrine. Pages 48,

plates 12.

No'. 189. December.—A little-known asparagus pest. F. A. Sir-

rine. Pages 8^ plates 1.

No. 190. December.—Report of analyses of Paris green and

other insecticides in 1900. L. L. VanSlyke and

W. H. Andrews. Pages 10.

No. 191. December.—A fruit disease survey of Western New
York in 1900. F. C. Stewart, F. M. Rolfs and F. H.

Hall. Pages 44, plates 7.

*So dated to correspond with Cornell Bulletin ISG, with which this is

piiutically identical.
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Ko. 192. December.—The substitution of soda for potash in

plant growth. W. H. Jordan and C. G. Jenter.

Pages 20, plates 0.

No. 193. December.—San Jos6 scale investigations. I. The

development of the female. V. H. Lowe and P. J.

Parrott. Pages 18, plates 6.

Xo. 194. December.—San Jos^ scale investigations. II. Spray-

ing exxjeriments with kerosene oil; methods of com-

bating the San Jos6 scale. V. H. Lowe. Pages 16.

No. 195. December.—Diiector's report for 1900. W. H. Joidan.

Pages 15.

No. 196. December.—Spraying in bloom. L. H. Bailey and

S. A. Beach. Pages 62, plates 3, figs. 6.

W. H. Jordan,

Director.

Xew York Agricultural Experiment Station,

Genevat N. Y., Dec. 31, lUOO.
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REPORT OF THE BACTERIOLOGIST.

NOTES ON SOME DAIRY TROUBLES.*

H. A. Harding, L. A. Rogers and G. A. Smith.

SUMMARY.

Tlie appearance of a higlily disagreeable, fishy flavor in the

product of a dairy was traced to the milk of a single apparently

healthy cow. On rejecting the product of this animal no further

trouble was experienced. No cause for the outbreak could be

found.

An intensely bitter flavor in Neufchatel cheese was found to

be connected with the activity of an acid forming bacillus. The

bitter flavor was not reproduced in liquid cultures, but appeared

upon draining and aerating the cheese curd.

The causal relation of certain yeasts to the production of un^

desirable flavors common in Cheddar cheese appeared probable

from their constant presence in cheese showing sweet flavor and

their absence in all those having a clean flavor.

The uniform reproduction of off-flavors when using pure start-

ers of these yeasts in cheese-making tends still further to estab-

lish this relation.

Rusty spot in Cheddar cheese is caused by a bacterial growth.

The addition of cultures of this bacillus to the vat before adding

the rennet failed to reproduce the discoloration; but adding cul-

tures of the same organism after cutting the curd gave a very

marked case of rusty spot.

•Reprint ©f Biilletin No. 183.
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INTRODUCTORY.—FLAVOR IN MILK AND ITS PRODUCTS.

In milk, and more especially in butter and cheese produced

•from it, flavor is the quality most noticed by the consumer. In

milk the volatile compounds which impress themselves upon our

senses are ordinarily spoken of as odors, while in butter and

cheese they are usually included under flavor; although in the

case of the expert, at least, they are determined in both cases by

the sense of s^mell. In this discussion of flavor we will not at-

tempt to distinguish between the impressions received through

the ordinary act of smelling, as practised by the cheese judge,

and the sensations received by tasting, in the case of the con-

sumer. To be sure, in the latter act the sensations of acidity,

bitterness and sweetness derived from the tongue are added to

those received from the volatile compounds floating up to the

olfactory membrane above.

SENSE OF SMELL NOT AN EXACT STANDARD.

Because the amount of this volatile matter is so slight we are

without any exact standard of measurement, and in an attempt

at careful work upon the subject recourse has been had to the

sense of smell of a trained individual in order to judge the results

obtained. When the work has to do with a very pronounced

flavor of any kind this method gives satisfactory results; but

when the presence of faint and complex odors is involved, as is

the case with ripening cheese, the opinions of equally skilled and

impartial judges often differ considerably.

In the past little work has been done upon this subject, except

upon butter flavors, but there has grown up considerable infor-

mation based upon isolated and more or less questionable obser-

vation.

TWO GE'NERAL CLASSES OP FLAVORS.

On the basis of their origin these flavors may be divided into

two general classes—one directly connected' with the growth of

plant life in the milk, the other due to compounds taken up while

in the cow or absorbed after the milk is drawn.
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These two classes can usually be separated by observing the

following points;

Troubles due to the action of bacteria, yeasts and molds are

rarely noticeable when the milk is freshly drawn, but continue

to increase with the lapse of time.

Troubles due to compounds existing in the food or developed

in the body of the cow will be most marked while the milk is

warm and will not increase on standing. When the odor is due

to absorption the increase will cease as soon as the milk or but-

ter is removed to an untainted place.

ABSORBED ODORS.

The danger of unpleasant flavors due to the cow has long been

known and considerably overestimated. The effect of eating

garlic, onions, etc., is unmistakable because of the highly-pene-

trating aromatic chemicals which find their way through the cow

to the milk secreted. However, with the present rational ideas

regarding feeding, it is unusual that the cow receives anything

which will carry objectionable odors over into the milk.

A source from which we sustain much greater loss is that of

vile odors aborbed after the milk has been drawn. This is a

danger which is very real and yet for the most part entirely

overlooked. Milk left for even a few minutes in the average

stable air or poured into bad smelling cans or placed to cool in

a tank of foul water will quite uniformly acquire a disagreeable

smell which may not be noticed by the farmer, but when com-

mented upon by the maker at the factory will be blamed upon

the cow or something she has eaten.

Odors of this class are most noticeable in the milk and cream

trade and are of less importance in the butter and cheese in-

dustry because there is more time and opportunity to remove

them before the product reaches the consumer.

QDORS PRODUCED BY PLANT GROWTH IN THE MILK.

In the very nature of things odors of this class can not appear

until the lapse of sufiflcient time to enable the bacteria, yeasts or
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molds to grow in the milk and produce changes in its composi-

tion. This should not take place to an appreciable extent under

twelve hours, and if the temperature is kept reasonably low,

will not do so for a much longer period.

From this it will be seen that in the milk as it is ordinarily

delivered in the milk trade of the smaller cities or at the fac-

tories there should be no odor due to plant growth. Whenever

a disagreeable odor is present it can be ascribed either to

aromatic substances absorbed or to holding the milk at too high

temperatures.

This statement of the matter may at first glance appear to

conflict with practical observation; for sometimes a certain odor

becomes noticeable soon after the milk is drawn and appears to

increase in the cheese curd. In this case it would be more in

accord with the known facts to assume that the same class of

bacteria which brought about the decomposition of the excreta

in the barn and produced from them the vile odor which was

absorbed by the milk also found their way into the milk itself

and there, later, produced similar foul smelling compounds.

Under ordinary circumstances we can begin to reckon the

twelve hours above mentioned, from the time the milk is drawn;

but the interesting observations of Moored and Ward^ have im-

pressed the fact that in some animals the bacteria work their way

high up into the glandular tissue of the udder and convinuously

attack the milk as it is formed.

Animal and absorbed odors are to be avoided as far as pos-

sible, since they are never desirable. After they have once

entered the milk aeration will assist in their removal. The pro-

cess of pasteurization accompanied by a subsequent cooling of

the milk by flowing in a thin sheet over a cold surface is recom-

mended by some producers of fine dairy products as a means

to the same end.

'Moore, V. A., and Ward, A. R. Source of Gas and Taint-Producing

Bacteria in Clioeso Curd. Cornell Ajir. Exp. Stn., Bui. 158, 1899.

"Ward, A. R. The Invasion of the Udder by Bacteria. Cornell Agr.

Exp. Sta., Bui. 178, 1900.
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high temperatures hasten the formation of odohs.

While nnder proper conditions the plants found in milk

shoold not, and in most cases do not. produce flavors in the milk

during the first twelve hours after milking, the fact remains

that occasionally milk is so strongly inoculated with germs from

its surroundings or is held at such high temperatures that the

production of odors is accomplished in a shorter time. More-

over when cream is placed at a favorable temperature for ripen-

ing or milk in the cheese vat is heated for "
setting

"
at So^ F.

^24° C.) or goes through the so-called "
cooking" at 9S^ F. (36.5^

C.) the conditions are here favorable for a very rapid multipli-

cation of the already large number of germs present. To sup-

port this amount of plant life and growth there is a correspond-

ingly rapid decomposition of the constituents of the milk with

an accompanying formation of aromatic substances.

The flavors in butter, both good and bad, are believed to be

due to bacterial activity, with the exception of the inherent

flavor of the fat and of a few cases where the odors absorbed

by the milk are so pronounced as to pass over with the butter-

fat, or when buner is allowed to absorb odors from its surround-

ings.

FLAVOR IN CHEESE.

In cheese,- particularly of the Cheddar type, where the ripen-

ing process extends over a long period, the problem of flavor

becomes complicated. It has been shown by Babcoek and Rus-

selP, and corroborated by other investigators*, that cheese con-

tains chemical ferments capable of slowly producing profound

changes in the casein which forms a considerable fraction, of the

fresh curd. The compounds which are thus formed undoubtedly

•Babcoek. S. M.. and Russell. H. L. Unorganized Forments of Milk: A
New Factor in the Ripening of Cheese. Wis. Agr. Exp. Sta.. Ann. Ropt..

1S07, p. 161.

*Freudenreich, E. von. ITeber das in der Milch vohandene onorganisirte

Ferment, die sogenannte Galaktase. Cent. f. Bakt.. II Abt^. 6: 332. 11X>0.

Jensen. Orla. Studien iiber die Enzyme im Kase. Cent f. Bakt., II Abt.,

6: 731, 1900.

3
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liave flayers peculiar to themselves, and these flavors are the

fundamental elements in what we designate as the flavor of the

ripening cheese. In addition to these fundamental ones, there

are special flavors in every cheese, on the basis of which it is

classed as poor to extra, and these difl'erences have not yet been

accounted for solely on the basis of enzym action.

The present state of knowledge of the subject does not justify

dogmatic statements as to the origin of those delicate and agree-

able flavors which are so highly prized in cheese, but the trend

of evidence favors bacterial activity.

YEAST AS A NEW FACTOR IN CHEESE FLAVOR.

A factor which in the past has been almost entirely ignored

in work upon milk and cheese problems is the relation of yeast

to the dairy industry. The occasional occurrence of yeasts in

Cheddar cheese has been previously noted by a number of in-

vestigators, but the fact that they may at times play an impor-

tant part in the matter of flavor has been very generally over

looked.

As the result of investigations detailed in the following article

on sweet flavor it is ascertained that yeasts probably play a

considerable role in the production of certain objectionable

flavors which are annually the source of great financial losses in

the State of New York.

The real need of exact knowledge on a subject of so much

practical importance as that of flavor is evident. The goal to

be attained, particularly in the case of cheese, is a clear under-

standing of the causes which produce the most desirable flavor,

and of the best manner of assuring their constant operation.

In attaining this end those well marked objectionable flavors

which appear only at intervals, and offer least resistance to an

analysis of the conditions under which they have been produced,

become the natural avenue of attack upon the larger problem.

The cases of fishy flavor in milk and bitterness in Neufchatel

cheese herein described, may be taken as types of many of the

sporadic troubles which perplex the dairyman. The methods
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used in locating the source of trouble in each case were so

simple that it is hoped many may prolit by the suggestions and

be inspired to help themselves.

With sweet flavor in Cheddar the situation is somewhat dif-

ferent. Here we have to deal with a trouble which is both v.ide-

spread and of long standing in the State, where it produces an-

nually a large economic loss. This trouble has found its way

into some of the cleanest and best managed factories, and there

it remains despite the exertions of some of the most careful

makers. In the past their efforts have been paralyzed by an

entire lack of information as to the nature of the cause of thiti

trouble.

While the discovery of the true cause is naturally the first step^

especially in a biological problem, it should be followed by a.

study of the jtlace of residence or manner of constant introduc-

tion into the factory before attempting the third and most prac-

tical step—the formulation of practical methods of combating

the trouble.

It is our hope to follow out each of these steps in the order

given in our attemptat aiding in the control of this widespread

evil.

In attacking problems calling for training along such diverse

lines the Bacteriological Department and the Dairy Expert have

joined forces for the general good; but each assumes the responsi-

bility for the correctness of certain portions of the work. The

Bacteriological Department is solely responsible for the isolation

and preparation of the cultures and starters, and the judgment
of the Dairy Expert has been relied upon in manufacturing the.

experimental cheese and in deciding upon the similarity of the

flavors there produced to those of the troubles under investiga

tion.

CARD OF THANKS.

Owing to the unsatisfactory nature of conclusions based on

the sense of smell, y\e have improved every opportunity for ob-

taining the vi'rdict of many oi the cheese experts of the State,

and in the matter of samples we have been very materially aided



86 Report ob^ the Bacteriologist of the

by the representatives of the Department of Agriculture, as w-ell

aa by the cheese buyers throughout the State. For these many
courtesies rendered we desire to return our sincere thanks.

I. FISHY FLAVOR IN MILK.

In June. 1900, a niill^ dealer brought to the Station a milk

eample having a rank, disagreeable odor and taste, as though it

had been in close proximity to herring or. other fish. The taint

was so strong that the milk was of no commercial value, although

coming from a dairyman of more than ordinary carefulness in

the handling of his herd.

Within an hour the dairyman called, bringing a sample direct

from the farm. Although this was saturated with the same odor,

the producer protested in all good faith that he could smell

.nothing unusual.

method of locating the trouble.

As the trouble was evidently located upon the farm, the dairy-

man, was provided with a supply of sterile, self-sealing pint bot-

tles and directed to collect a sample from each cow by milking

directly into the bottle from each quarter in turn. The follow-

ing morning the bottles were returned properly filled and num-

bered.

An examination by the nose showed that the trouble was

limited to a single cow, and the dairyman was directed to reject

the milk from this animal. The following day the milkman re-

ported that the trouble had disappeared and that his supply was

highly satisfactory.

A second set of samples at the end of three days gave the

»ame result and showed that the trouble was stationary' in the

product of one cow. A visit to the farm threw no light upon

the origin of the trouble. The pasture was a dry upland, con-

taining no objectionable weeds as far as known. The feed and

general treatment of all the cows had been the same, and they

were all apparently in the best of health.
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The odor of the milk was strong as it was drawn, and did not

appear to increase on standing. This would incline one to the

belief that the trouble was due either to the food or to the gen-

eral condition of the animal; but no food has ever been known

to bring about the flavor described, and all the food had been

shared by the whole herd. Neither was there any discernible

ailment or lesion of the cow, and the physical appearance of the

milk was normal.

NO BIOLOGICAL CAUSE FOUND.

Considerable culture study was carried on in the laboratory

with the milk from the different quarters of this cow's udder and

several kinds of bacteria were isolated. When these organisms

were grown separately or in mixture in milk they failed to repro-

duce the characteristic fishy odor. A form was found to be very

plentiful in the strippings which was peculiar in that it refused

to grO'W in the ordinary lactose agar or gelatin unless five per

ct. to ten per ct. of milk was added. This organism was further

tested by introducing a culture of it into two quarters of

the udder cavity of a healthy cow, leaving the other two quarters

as a control. The results of this test were also negative in that

no odor was produced.

OTHER OUTBREAKS.

While a fishy flavor in milk is by no means a common trouble,

Mr. W. E. Griffiths, one of the agents of the Department of

Agriculture, informs us that he has observed two outbreaks of

somewhat similar nature in the fifth district. In one instance

June butter with a fine flavor was placed in cold storage at 18°

to 22° F. until winter and when sold in the local market was re-

turned with the complaint that it had a disagreeable flavor.

Upon inspection by butter experts this was pronounced a fishy

flavor. No cause could be found. The second case occurred in

1899, when a cow kept for family' use gave milk which was so

pronouncedly fishy in the odor arising from it and in the taste,

that the milk was discarded during the latter part of July and

the month of August. The milk as soon as drawn had this pe-
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culiar flavor and did not seem to develop any more upon stand-

ing.

II. BITTER FLAVOR IN NEUFCHATEL CHEESE.

The bitterness in Nenfcliatel cheese which is here described

should not be confused with the well-known bitter flavor in milk

and cream. This latter is often produced in summer by the ac-

tivity of digesting bacteria which byenzym action break down
the chemical compounds of the milk into simple ones having a

bitter flavor; and in winter by a different class which seem to

thrive at temperatures lower than those favorable to the ordi-

nary acid forming germs and produce the bitter flavor as one of

the by-products of their metabolism. In either of these cases

the objectionable flavor appears in the liquid.

In the case to be described the milk gave no outward sign of

being abnormal and it was only when the manufacture of the

Neufchatel had progressed to the stage of draining and aerating

the curd that the bitterness became apparent. Since but a

single outbreak has come to our notice a detailed description

would hardly be called for except for the fact that the methods

emp'oyed to get the maker out of his trouble were very simple,

and can be easily applied to many of the other troubles which

perplex the factoryman.

A sample of intensely bitter Neufchatel cheese was received

in October, 1899. The maker stated that he had repeatedly

scrubbed and scalded out everything that came in contact with

the milk after it was received from the farm, but the trouble

had persisted and ruined his product. The factory was visited

and everything found acceptably clean; but the conditions for

controlling temperature were not good. However, the tempera-

ture at that time was not unfavorable, and the trouble could

hardly be ascribed to this cause. The milk that had been used

for the Neufchatel was that of a single patron who had been

selected because of the high fat content of his product.
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method of detection.

The following di 7 samples from each patron's milk were

taken in scalded milk jars by the maker, cooled, numbered and

delivered at the Station in the afternoon. The samples were

then heated to 70° F., rennet added and the milk held at 70° F.

until morning. At the end of 18 hours all the samp.es were

curdled normally except two. These showed much whey on top,

considerable gas in the curd and had a bad smell. On draining

the curd one of these developed a markedly bitter flavor. Ou

reporting these facts to the maker it was found that this was

from the very patron whose milk had been selected for making

the original bitter cheese. The maker was advised to scald once

more all the cans and cloths that had been used, and proceed

with milk from a different source.- He later reported that on

following this suggestion the trouble disappeared.

DUE TO THE ACTIVITY OF BACTERIA.

Since the bitter flavor did not exist in the fresh milk, but only

appeared a day or two later in the curd and for some time con-

tinued to increase in quantity it was evidently connected with

some form of life.

Cultures made from the bitter cheese and from the samples of

milk furnished a variety of forms of bacteria and molds, and

these were tested by preparing a pure-culture starter of each,

adding it to some fresh milk from our own dairy and making
small Neufchatel cheeses. To make sure that any bad flavors

found in these experimental cheeses were not due to anything

contained in our own dairy several samples of the same milk

were made into cheese without the addition of any starter.

These control cheeses and nearly all of the cheeses to which

pure cultures of different kinds had been added, were free from

any bitter flavor, but one form was found that quite uniformly,

gave bitter cheese under these conditions. This germ was a

short bacillus, forming sufficient acid when grown in sterile milk

to produce curdling in one or two days.
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It did not form an enzjin capable of producing a visible change
in the consistency of the milk and when grown in pure culture

no bitter flavor was produced even when kept for some weeks.

The formation of bitter flavor by this organism seems to be in-

timately associated with the exposure of the curd to the air; since^

under any of the conditions that were tried, the bitter flavor

appeared slightly or not at all when a soft, poorly-drained curd

was prepared; while in a dry, friable curd the bitterness was

very evident. Although it was grown almost continually in

milk the organism lost the power of producing bitter flavor after

about six months and further experiments were necessarily dis-

continued.

In this particular instance of the bitter cheese the trouble

having been found to arise not from the factory but upon the

farm it would have been of considerable interest to locate more

closely the source from which these germs gained access to the

milk. However on being informed of the results of our work

the producer became highly incensed at the idea that there could

be anything amiss with his milk and the investigation was not

carried any further. As a result we could not aid him by sug-

gesting practical means of ridding himself of the trouble nor

have we the data upon which to advise others.

III. SWEET FLAVOR IN CHEDDAR CHEESE.

WHAT IS MEANT BY SWEET FLAVOR.

As was intimated in the introductory chapter on flavor tlLere

is a class of off-flavors which appears especially during the

spring and fall in the output of many of the factories in this

State and bears the general title of
" sweet flavor."

A conservative estimate places the annual loss from this

source at |10,000.

Vrhen cheese experts are questioned concerning the matter

they usually agree in dividing this trouble into at least two

class(!S— ''

fruity
" and " sweet

"—while in individual instances

many other terms are used. When samples are selected and



New York Agricultural Experiment Station. 41

sent in by these experts the result is a collection of odors often

having little in common and representing all gradations from a

well-marked odor of pineapple to the beginning of putrid decom-

position.

Partly because of this evident confusion in the use of terms

among practical men and partly because of the general nature

of the information which we are now able to give concerning

the matter, the flavors of this group will be here considered to-

gether.

NO CAUSE for the TROUBLE PREVIOUSLY KNOWN.

At the beginning of the investigation we faced the problem
of a serious trouble so obscure in its origin that not even a

plausible explanation had been suggested, and the maker was

handicapped in his attempts at combating the trouble by the

lack of anything tangible against which to direct his efforts.

METHOD OF WORK.

From the fact that this trouble appears after the cheese has

been some time in the curing-room the idea that it is in some

way connected with life seemed to offer a starting point for work.

Samples were secured from a number of cheeses considered to

be typical examples of this trouble and a careful separation of

the flora of each cheese was undertaken. It was assumed that

if there was any specific organism or class of organisms causing

the trouble they would be found in all the samples examined.

A comparison of the results of a number of such examinations

showed nothing unusual in the flora, except that in every case

there was a considerable number of yeasts present.

YEASTS NOT COMMON IN GOOD CHEESE.

The subject of yeasts in cheese has been studied incidentally by

a number of investigators when going over the cheese flora, and

while it is not improbable that they may function in the ripening

of some of the soft cheeses^ no one seems to have seriously con-

"Freudenreich E. von. Bakteriologisclie Untersuchiingen iiber den Reif-

ungsprocess des Emmenthalerkllses. Cent, fiir Bakt., II Abt., 1:232, 1S95,
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sidered their relation to hard cheese other than to suggest that

they may plav a role in some of the gas^ formation. Among all

the examinations into the flora of cheese none have been carried

on in a more careful manner than the one by J. WeinzirF under

the direction of Dr. H. L. Kussell, and in a report upon the flora

of six Cheddar cheeses, yeasts were mentioned only once, and in

that case a bad odor had been noticed in the curd. Very recently

Weinzirl^ has reported the results of an examination of 50 differ-

ent Cheddar cheeses from factories ecattesed through seven states

of the Union as well as from Canada, and in only four cheeses

were yeasts found. In three of these four cases the yeasts did

not exceed one per ct. of the total flora.

In connection with the present investigation we have examined

a very limited number of samples selected for us by experts as

being clean flavored cheese, and in every case we have failed to

find more than an occasional yeast among the thousands of bac-

teria.

YEASTS ALWAYS FOUND IX SWEET FLAVOR CHEESE'.

Since beginning work in 1899 we have examined samples

selected for us by cheese experts as showing sweet or fruity

flavor, coming from thirteen factories located in seven different

counties in this State, besides several samples of unknown origin

received from commission men. In every cheese, yeasts were

present in considerable numbers, and while strictly quantitative

data were not obtained it is believed that they were rarely as

low as one per ct., and often approximated 50 per ct. of the total

flora.

Owing to the present undeveloped condition of the classifica-

tion of veasts we have not vet been able to reduce the collection

of veasts obtained in this wav to the basis of varieties repre-

"Adametz. Ueber die Ursacben iind Erreger der abnormalen Reif-

ungsvorgiin.se beim Kiise. Cent, fiir Bakt., 1 Al.t., 14: 527, 1893.

'Weiuzirl, J. Bacteria in Cheddar Cheese Ripening. Thesis Univ. of

Wis., 1896.

•Weinzirl. J. The Bacterial Flora of American Cheddar Cheese. Cent,

fur Bakt, H Abt. 6: 785, 1900.
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sented, nor have we attempted to establish the relation between

slight variations in the flavor of the cheese samples and varia-

tions in the yeast flora.

SWEET FLAVOR PRODUCED BY YEAST STARTERS. '

In discussing the causal relation of any organism either to a

disease or to a fermentation it was formerly the custom to ignore

all other factors than the mere presence of the germ. The fallacy

of this method of reasoning has come to be recognized in medical

matteris and our experience detailed below, as well as the results

of our study of the activity of the organism producing rusty spot,

g'hows that the accompanying conditions exert a profound influ-

ence upon the activity of fermentative organisms. The fact that

sweet flavor ia a factory undergoes seasonal and even daily varia-

tions in its activity would suggest the same idea. In beginnin'^,

experimental work upon such an untried field as the relation of

yea.sts to cheese flavor, it is not surprising that the results have

not been uniformly good. By referring to the article on rusty

spot it will be seen that, while in a majority of attempts the use

of a starter of the causal organism resulted in failure so far as a

real reproduction of the typical trouble was concerned, yet when

the right conditions were obtained this same organism repro-

duced the rusty spot in even more marked form than is met with

in the factories.

The starter used with a majority of the cheeses made in this

connection was prepared from a pure culture of a yeast which is

designated in the laboratory as 2F. This yeast was isolated

from a cheese showing a well-marked case of sweet flavor. In

each of these experimental cheeses there was reproduced in a

slight degree the characteristic flavor of the original cheese.

The determination of this fact rests not only upon the judgment
of one of us, but has been subscribed to by a number of expert:,

to whom these cheeses have been submitted. However, it must

be said in all fairness that the sweet flavor reproduced in these

experiments fell short of the intensity often met with in fac-
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tories, and would probably have been overlooked in a commercial

transaction.

Before and during the time of these experiments the manufac-

ture of cheese for other purposes was being carried on in the

same room without any appearance of sweet flavor. A vat which

had been used in making one of the yeast-infected cheeses, and

had been cleaned in the usual manner, but without any special

precautions, was again used, after an interval of two days, in

making six Young America cheeses, which were distributed

among the various curing rooms. Upon examination at the end

of two months they were decided by a number of competent

judges to show well-marked cases of sweet flavor. An exam-

ination at this time showed the presence of a goodly number of

yeasts.
C0>rCLUSI0N.

" Sweet flavor," as the term is generally used, includes a group

of undesirable cheese flavors. Clean-flavored cheese contains

very few, if any, yeasts, while sweet-flavored cheese contains

large numbers of yeasts, at least during the first stages of ripen-

ing.

The addition of starters of certain yeasts to the cheese vats

has repeatedly resulted in the production of off-flavors, some of

which would be included under the general term of " sweet

flavor."

IV. RUSTY vSPOT IN CHEDDAR CHEESE.

A discussion of rusty spot in Cheddar cheese may seem out

of place in a bulletin otherwise given up to the subject of flavors;

but since this is one of the annoying dairy troubles in the State,

and has received considerable attention at the Experiment Sta-

tion during the past two years, a short article upon this subject

is given here.

WHAT IS RUSTY SPOT?

"
Rusty spot

"
is the name given to small yellowish-red points

or patches scattered quite evenly throughout the mass of the

cheese and having the general appearance of iron rust. A closer
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examination shows that a majority of these colored points are

located on the walls of the small openings left by the incomplete

union of the particles of cut curd or by the later formation of

gas bubbles.

These points rarely become visible in cheese under eight days

old, and gradually increase in size during the first two or three

months. During the latter portion of this time the extension of

these spots is probably not due to real growth, but rather to a

mechanical spreading of the coloring matter along the surface

upon which it has been produced.

This trouble is most common in spring and fall, appeai'ing in

May and disappearing in Octo'ber; while in the case of a badly

infected factory it may continue through the summer season.

The coloring matter does not seem to be in any way harmful

to the consumer, and if a trade could be built up in variegated

cheese, this might command an increase in price on account of

its color. However, the present attitude of the market is quite

the reverse, and the presence of these spots means a cut in the

price and corresponding loss to the producer.

The only other trouble in hard cheese coming to our notice

\vhich might be confused with the one under discussion is a pink

dificolorati'jn of the rind occurring either in isolated spots or in

confluent patches. This latter is attributed to mold, and cer-

tainly has nothing in common with the genuine
"
rusty spot,"

which is confintd to the interior and scattered throughout the

mass of the cheese. A peculiarity which will illustrate the dif-

ference lies in the fact that when the rusty spots in cheese are

brought to the air and light they fade from red through yellow,

growing fainter until they finally disappear, while these pink

discolorations are formed and continue on the exterior of the

cheese, in direct contact with the air and light.

THE TROUBLE IS CAUSED BY A BACTERIUM.

From the fact that the spots cannot be seen in the young

cheese, but appear later and continue to grow more evident for
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some time, one would be led to suppose that the production of

color is connected with the activity of some form of life in the

cheese. The truth of this supposition was confirmed in 1897 by

Connell,^ who isolated from a rusty spot cheese an organism

which he called Bacillus rudensis. He showed the causal I'eh'.-

tion of this bacterial form by using a starter made from it in

the manufacture of cheese in wdiich these rusty spots later ap-

peared.

In our own experiments we have repeated this with organisms

derived from outbreaks in different factories. The evidence

seems to be conclusive that the red spots are produced by the

growth of a minute plant which finds its way into the curd be-

fore it is put to press.

HOW DOES this BACTERIUM GET INTO THE VAT.

In the factory studied by Dr. Connell, the drain leading from

the factory was found coated with a reddish-yellow slime which

contained the organism causing the discoloration in the cheese.

Upon giving the factory a thorough cleansing, washing the floor

and woodwork with disinfecting solution, whitewashing the in-

side walls and replacing the wooden drain with an iron one, the

trouble disappeared. From the fact that this attempt at disin-

fection covered all the available points about the factory, no

substantial conclusion can be drawn as to the particular road

through which the bacteria gained entrance to the curd. The

one fact that seems evident is that in this instance the source

of the infection was located at the factory rather than upon the

farms.

In a number of New York factories an honest attempt has

been made to meet all the demands of cleanliness and still this

discoloration continues in the cheese. While the source of in-

fection and methods of distribution of this trouble remained in

"Connell, W. T. Discoloration of Clieese. Canadian Dept. of Agr., Bui.,

1897.
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such an unsatisfactory condition there Avas little inspiration for

the factory men to take more vigorous steps for its removal.

In view of this incomplete knowledjje of the subject and of

the fact that some factories have suffered a considerable cut in

the price of their output during a number of successive seasons,

work was begun upon this line in the spring of 1890 and has

been continued whenever opportunity offered since that time.

isolation op the causal organism.

The first step was the isolation of the causal organism from

affected cheese preliminary to the study of its behavior wiien

introduced as a starter into a vat of good milk. Quite contrary

to what would be expected from the published work upon the

subject the isolation of the causal organism presented many
difticulties. The red spots in the cheese are essentially colonies

of the bacillus and the removal of a portion of one of these spots

with a flamed needle gives approximately a pure culture, but in

order to complete and make certain of the separation it is de-

sirable to resort to jjlate methods.

Lactose agar does not prove suitable since, quite contrary to

the ordinary rule, this organism refuses to produce color ui)ou

this medium; and no other basis of classification on agar is evi-

dent.

Gelatin plates seem to be but little more suited to the work

because only at rare intervals is sufticient color produced in the

colonies to characterize them. In some instances the germ even

refuses to grow upon gelatin when transferred from a potato

culture, portions of the material carried over from the potato

lying dormant in the gelatin for more than a week, yat when

returned to a fresh potato surface setting up a vigorous growth.

The culture media was for the most part made neutral to phe-

nolphthalein with sodium hydroxide, but variations of acid and

alkaline media have been tried with no better success.

Cooked potato offers a very suitable medium for growth and

production of color. Cut into slices and sterilized in Petri
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dishes it gives a broad surface for inoculation. A flamed needle

touched to one of the red spots in a cheese and then drawn re-

peatedly over a couple of such surfaces rarely fails to give iso-

lated colonies of the desired organism. Transfers made in like

manner from these isolated growths to other potato slices usu-

ally gives quite homogeneous cultures, the purity of which may be

later tested upon gelatin plates and other substances. Follow-

ing this old method, which on account of its inconvenience has

been discarded by bacteriologists for a generation, pure cultures

have been obtained from outbreaks in a half dozen factories

scattered from St. I^awrence County to Allegany County.

While the methods in use enable us to isolate the organism

with comparative ease from the red spots in cheese where it is

present in an almost pure culture they are very little use when

the desired form is mixed with a variety of others; as is the case

in samples taken from the factory and its surroundings. The

attempt has been made in the laboratory to perfect methods for

recognizing the causal organism when present in relatively small

quantities as would be the case in the mixed milk from the vat

or in the can of any patron provided it was derived from such a

source. Thus far these efforts have not been crowned with a

high degree of success.

Fine distinctions as to the manner of growth of cultures de-

rived from such widely separated portions of the country will

not be discussed at this time but will be reserved until- work

upon the whole subject has reached such a satisfactory stage as

to justify a more extended treatment. SuflSce it to say that all

the cheese samples examined presented essentially the same gen-

eral appearance and each could clearly be referred to a biological

cause; so that we can feel fairly certain that we have to do with

a definite biological trouble spread over a wide extent of territory.

PRODUCING RUSTY SPOT IN EXPERIMENTAL CHEESE.

While the attempt was being made in the laboratory to devise

means of readily recognizing the cause of this trouble, cheeses

were prepared in various ways using starters derived from in-
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fected cteese with the aim of finding the habits of the causal

organism. In all, a dozen infected cheeses have been made be-

side the appropriate controls.

Of these, three were made at different times each with the ad-

dition of a half dozen plugs drawn from a cheese thoroughly

spotted with the trouble. These plugs were first rubbed to a

thin paste with water and then added to the vat before it was

set with the rennet. In each of these experimental cheeses the

spots which developed were so widely scattered that they would

have passed any but a very careful inspector, and these three

trials may be put down as failures as far as the production of

spots in the cheese is concerned.

Seven cheeses were made with the addition of a culture of the

causal organism to the milk before adding the rennet, and these

likewise failed to produce more than a few red points scattered

through the mass of the cheese^ and as far as practical considera-

tions are concerned these can also be classed as a failure to pro-

duce anything approximating what is commercially known as

rusty spot.

Two cheeses manufactured at different times and using cul-

tures derived from outbreaks in different factories were made by

adding a culture to the vat just after the curd had been cut. In

each case the interior of the uncolored cheese within ten days

was so abundantly filled with small red points that at first glance

these colored points seemed to blend and give the entire cheese a

high red color.

While these observations are too few to be relied upon as prov-

ing anything regarding actual conditions in the factory they are

in many ways very suggestive. In the first place these experi-

ments show that a cheese may contain a large number of the

proper kind of germ and still not show any discoloration. This

may throw some light upon the failure of the spots to appear in

the make of certain days in an infected factory.

Again, these results suggest that the stage of the process when

the germs enter the vat may be very important. When the milk

ifi curdled by the rennet all these minute plants within the mass

4
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are caught and held in the coaguhim. It was to be expected

that many of these would be liberated by the cutting and farther

manipulation of the curd, but this does not seem to have oc-

curred to any considerable extent in the above experimental

cheeses.

It should be stated that to avoid contaminating our curd mill

the cheese was all handled as stirred curd. It is generally

agreed that this trouble is worse in home trade than in the more

aci(i export cheese, and in all these tests the attempt was made to

produce a low-acid cheese.

The differences in results with cultures can not be well attrib-

uted to differences in the cultures themselves, since in one case

approximately equal quantities of the same organism were used

in two cheeses made with an interval of about twenty days. In

the first instance the culture was added directly to the milk

before setting with rennet, while in the other cheese the culture

was added immediately after cutting the curd. The first cheese

gave only very faint evidence of discoloration, while the second

was intensely colored by a multitude of closely set yellowish-red

points.

CONCLUSION.

While w^e are not yet in a position to give the clear-cut infor-

mation desired by the factorymen, still the following points may
be of assistance:

The rusty spots in Cheddar are simply the growth of minute

plants on the walls of the air spaces within the cheese. While

the growth does not seem to be harmful to the consumer, it is

objectionable because it is unsightly.

Coloring the cheese will cover up these spots, except in very

bad cases, •

High acid content, with the consequently small amount of

moisture in the air spaces within the cheese, tends to keep down
the production of color.

The trouble usually appears in May, often does little harm

through the middle of the summer, and ordinarily disappears in

October.
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Specific directions for freeing a factory once infested cannot

be given from the amount of data at hand, but plenty of hot

water, followed by plenty of live steam on the vats, cans and

working utensils, seems to be called for by the above experi-

ences. We will be pleased to correspond with and, as far as

practicable, visit every factoryman in the State having this

trouble, in the hope both of learning something ourselves aad of

being of use to the maker.
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REPORT OF THE BOTANIST.

A PARASITE UPON CAENATION RUST.

Frederick H. Blodgett.

SUMMARY.

The growers of carnations in America have been tronbled since

1891 with a disease known as rust, TJromyces caryophiiUlnus (S.)

Schroet. No marked success has followed the numerous attempts

to check its development. Recently a natural check was noticed

infesting the pustules of rust; this was the fungus, Darluca filum

(Biy.) Cast. Possibly some benefit may be derived from artificially

introducing this fungus into carnation houses, but it is not suffi-

ciently abundant to be of great assistance in natural conditions.

INTRODUCTION.

The carnation industry employs many men and a large amount

of capital and tends to concentrate about the large cities. Many
varieties are grown, some healthy and robust, others diseased and

sickly when (Similarly treated. One of the most common diseases

is the rust, which manifests itself by producing blisters upon the

leaves and stems from which a tine orange-brown powder escapes.

The powder is formed of the spores of the fungus Vromyces cary-

opJiyUiiius uS.) Schroet. There is no satisfactory method of con-

trolling the rust when once introduced.

On many rusts there is present in the pustules a fungus which

attacks the rust plant and lives upon it as the rust lives upon the

host. This fungus, Darluca filiim (Biv.) Cast., has been recently

Reprint of Bulletin No. 175.
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observed for the first time upon the carnation rust. In a green-

house at Flatbush, Long Island, it has been found on the variety

Gen. Maceo; and in each of three different greenhouses at Geneva

on several different varieties. While not naturally very effective

as a check, by the use of artificial cultures or inoculations some

benefit may be derived from its presence.

THE PARASITE.

{Darluca filinn (Biv.) Cast.).

This fungus is related to the Septorias and Phomas familiar to

florists through the diseases they produce. In some way this

fungus has become adapted to living upon the tissues of other

fungi instead of deriving its nourishment solely from the host

plant.

The presence of Darluca is best determined with the micro-

scope. But in cases where the rust is badly infested, the dwarfed

and evidently crippled development of the rust pustules indicates

that something is wrong. At times there are dead Jireas, in which

are scattered a number of very fine black specks; these are the

pycnidia of the Darluca. In other cases the infested area is

nearly black, and the pycnidia are abundant. A third type of

infestation is visible only with the aid of the microscope; in this

the pycnidia are scattered amiong the spores in the infested pus-

tules, which otherwise appear normal. In any case the presence

of the Darluca, as of the rust, is shown externally only when it

reaches maturity and produces spores.

The spores of Darluca are two-celled and colorless. They are

developed within pycnidia or flask-shaped fruit-bodies, which

may be nearly spherical, or much elongated. When a ripe pycni-

dium is moistened, the spores are expelled in a thick rope, which

holds together by the gelatinous covering of the cell walls of the

spores.

The pycnidia are formed from a cluster of interwoven vertical

branches of hyphae. As the mass thus begun develops, a cavity

is formed at the center, which enlarges until only a thin mem-

brane is left as the pycnidial wall. From the interior of this
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membrane short branches have been produced at the ends of

which spores are formed. When ripe the spores drop from their

stalks, and others are formed in their places.^

THE RUST.

Carnation rust is distinguished from other rust-colored

traubles of the leaves by the presence of brown spores, which are

liberated by the bursting of the "
blister

" in which they are

formed. Each spore is normally capable of germinating and

developing into a fresh spot of rust. Moisture and warmth are

necessary to the best development of this fungus, hence warm,

moist houses are more seriously infested than cool, dry ones

growing the same varieties. Different varieties of carnations are

subject to the rust in degrees varying with the variety. There

seems to be some relation between the presence of
" bloom "

upon

the leaves and immunity to the rust, as those varieties which

have the most bloom are among those which rust but little. The

rust usually does little real injury to the plant but in severe

cases it may seriously check the natural growth of the host.

Once infested the plant continues to be rusted until destroyed.

The hyphie of the fungus penetrate the leaf and stem-tissue and

produce here and there the pustules of spores, which are the visi-

ble evidence of the rust plant. Cuttings taken from a rusted

parent produce rusted plants^, indicating the presence of the fun-

gus hyphte in the actively growing portions of the plant. When

the rust spores germinate they gain access to the interior of the

leaf either through a stomate or some weak or broken spot in

the leaf. From such a point as center the disease spreads

through the cells of the host, securing the needed nourishment

from these cells. It is now safe from any external treatment; any

checks to its further development must be able to reach it within

the tissues of the host and yet do no material injury to that host.

Such a check is the fungus Darluca filum.

"Sapin^Trouffy in Le Botaniste, 5: 51.

'Statement made by carnation growers of experience.
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The spores germinate readily in water and produce germ tubes

from either one or both cells, from any point of the cell wall.

The hyphre or germ tubes probably gain access to the interior of

the rusted carnation leaf through a stomate. Once within and

adjacent to the rust hyphse, the parasitism begins and the two

plants become closely interwoven. The growth of Darluca is

most abundant close to the pustules of the rust. The leaf tissue

beneath the infested spot seems filled with the hypha3 of the two

fungi. Often a dark layer is developed af the original surface of

the leaf, above which rise the spores and the pycnidia of the two

fungi. The dark color may not be confined to a mere layer or

band, but may extend to the whole of the dense mass of hypha3,

almost totally obscuring the structure of the carnation leaf.

The pycnidia are imbedded for two-thirds of their height

among the spores of the rust, showing only the dark upper third

when seen from above. The surface is smooth and rather shiny,

and is marked with a fine irregular network of cells. At matur-

ity an opening is formed at the apex through which the spores

exude when wet. In the specimen figured (Plate III, fig. .3) a

thousand spores were visible, and more were, constantly issuing

from the pycnidium at the left.

The same fungus infests the rust of the asparagus; and it may
be that, either by growing garden asparagus in the houses or by

spraying the carnations with water in which Darluca infested

asparagus has been broken a sufiicieut abundance of Darluca

may be obtained to check the ravages of the rust.

At the present writing it is not known to what extent rust may
be checked by the Darluca. It can not be expected to eradicate

rust from a greenhouse, but its influence is good and it is believed

to be worth the florist's while to encourage its growth.
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EXPLANATION OF PLATES.

Plate L—1. Darluca infested carnation leaves. Natural sis!e.

2. The same leaves enlarged three times. Purple spot at left {two

leaves), dark spots in center and speck form at right. Photographed

with yellow color screen, by author.

Plate H.—Tioo Darluca infested leaves, enlarged six times, show-

ing Darluca spots. The Darluca pycnidia are the Mack specks scat-

tered among the rust pustules, as at D and D.' From photograph

by the author.

Plate III.—1. Two pustules of rust (Uromyces caryophyllinus)

shoiving pycnidia of Darluca filum imbedded among the uredospores.

2. Isolated pycnidia of Darluca shoioing adherent filaments of

Uromyces; showing also relative size of spores of Darluca ancZ

Uromyces and the variation in shape of Darluca pycnidia. 3.

Gelatinous thread of Darluca spores. 4- Gross-section of a Darluca

infested Uromyces pustule. 5. Darluca spores from gelatinous

thread shown in Fig. 3. 6. Darluca spores get^minating. All

figures on this plate drawn with the aid of the camera ludda.
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AN ANTHRACNOSE AND A STEM EOT OF THE
CULTIVATED SNAPDEAGON,

ANTIRRHINUM MAJUS L.i*

F. C. Stewart.

SUMMARY.

The cultivated snapdragon suffers severely from a fungous

disease in which the stems and leaves are covered with elliptical

or circular sunken spots. This disease is called anthracnose and

is caused by a fungus new to science. The fungus is here fully

described and figured and given the name Colletotrichum ant'ir-

rhini.

In an experiment made on Long Island, plants sprayed once a

week with Bordeaux mixture remained entirely free from the

disease while unsprayed plants under parallel conditions v^ere

completely ruined by it.

It is recommended that cuttings be taken only from healthy

plants and that the plants be sprayed with Bordeaux mixture,

commencing as soon as the cuttings are rooted and continuing

at intervals of from one to two weeks until the plants are put

into the greenhouse in the fall. If later treatments are required

ammoniacal solution of copper carbonate should be subsituted

for the Bordeaux. The plants should be given good ventilation

and the foliage wet as little as possible.

Stem rot is another fungous disease of less importance. It

attacks the succulent shoots causing them to suddenly wilt and

'Read In abstract before the Botanical Section of the American Associ-

ation for the Advancement of Science at the New York meeting, June 26,

1900.

•Reprint of Bulletin No. 179.
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die. The diseased stems are covered with the pycnidia of a

fungus belonging to the genus Phoma, and it has been shown by

inoculation experiments that this Phoma is the cause of the dis-

ease. Although no experiments have been made it is probable

that stem rot may be prevented by spraying with Bordeaux mix-

ture as for anthracnose.

THE ANTHRACNOSE.

Early in the spring of 1S97 the writer's attention was called to

an anthracnose which was doing serious damage to a bench of

Antirrhinum majus in a greenhouse on Long Island. Upon in-

quiry' among florists it was learned that the anthracnose is a

common disease, and wherever it occurs is more destructive than

any other disease to which the Antirrhinum is subject, sometimes

completely ruining an entire crop.

It attacks the plants at any stage of their growth, both in the

greenhouse and in the field. In the greenhouse it is more de-

structive in the fall and spring than during the winter. In the

field its ravages are most conspicuous in August and September.

On the stems it produces numerous elliptical sunken spots from

three to ten millimeters in length; and on the leaves circular dead

spots having a diameter of from three to five millimeters. These

spots are caused by an undescribed species of Colletotriclium for

which we here propose the name Colletotriclium antirrhini?

ON the stems.

Stems of all ages are attacked: The coalescence of several

large spots may girdle the plant at the base; a single large spot

^CoUetotrichvm a7ithThini n. sp. Producing depressed spots on stems

and leaves of Antirrhinum mnjus L.; stem spots elliptical, often confluent,

3-10 mm. long; leaf spots orbicular, 3-5 mm. in diameter. Acervuli numer-

ous and crowded, particularly on the stem spots; amphigenous on the

leaf spots. Stroma well developed; on the leaves only slightly colored,

but on the stems dark brown. Seta? abundant, especially on the stems,

dai'k brown, 50-100 />- long, unbranched. mostly straight, tapering uni-

formly to a sub-acute point. Conidia 16-21 x 4 IJ- straight or slightly

curved, with rounded ends or frequently obtusely pointed at one side of

one end, granular with a vacuole at the center when young. Basidia short
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may strangle a succulent terminal portion; or the fungus may

kill the lateral shoots while the main stem remains green. On

the older woody stems the spots are considerably sunken, but

on succulent shoots this character is scarcely noticeable. The

spots are elliptical, their major axes having a length of from

three to ten millimeters and lying parallel to the axis of the

shoot. At first they are dirty white with a narrow brown border.

In a short time several minute pimples, which are at first brown

but soon .turn black, appear in the central portion. Microscopic

examination shows these pimples to consist of a brown stroma.

Neither spores nor setfi? are present at this time. It is in this

black-pimple condition that the fungus is generally found. Still,

under favorable conditions of moisture the spots fruit profusely;

and both spores and seta? may be obtained in abundance at any

time by placing spots showing the black pimples in a moi:?t

chamber for about 48 hours. However, very old spots may refuse

to fruit under any conditions. With the appearance of spores

and setae the spots become quite black over the greater part of

their surface. The acervuli are numerous and so crowded that

it is difiicult to distinguish the individuals even with the aid of a

good magnifier. The stroma is dark brown and well developed.

Several setse are borne on each acervulus. The majority of

them are straight but some are bent. They are dark brown and

taper uniformly to a moderately sharp point. As a rule they are

3-septate, but 2-septate and 4-septate individuals are not uncom-

mon. They are 50 to 100;^ in length and unbranched.

The conida are non-septate, colorless and mostly about 4|

times as long as broad, measuring 16-21x4 The majority of

them are slightly curved, with both ends rounded or else with a

short obtuse point at one side of one end (Plate VI, fig. 3). The

young conidia have granular contents and almost invariably a

single vacuole near the center; but with age more vacuoles appear

and finally they become two to four nucleate. The writer's obser-

vations on plants in the greenhouse at Geneva lead him to believe

that a high degree of humidity in the atmosphere is necessary
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to the production of sporos; but it is difficult to harmonize this

idea with the statements of florists who say that the disease may
be very destructive in dry seasons. During the extremely dry

summer of 1899, a correspondent in Ma.ssachusetts lost, through

this anthracnose, all field grown plants propagated from cuttings.

It also did considerable damage to plants grown from seed.

The basidia are very short, being scarcely distinguishable

except in very thin sections.

ON THE LEAVES.

Plants attacked by anthracnose show multitudes of dead

leaves which remain hanging on the stems a long time.

The leaf spots are circular^ slightly sunken and have a diameter

of from three to five millimeters. They originate as yellowish-

green spots with indefinite outline, but very soon become dirty

white, or sometimes greenish, definitely outlined and very fre-

quently have a narrow brown border. If the plants have good

ventilation and are kept moderately dry neither spores nor setre

are formed and the spots retain their dirty white color; but in a

moist chamber both spores and 6eta3 make their appearance in

from 24 to 48 hours. Upon the appearance of spores and setaj,

the leaf spots instead of turning black (as is the case with the

stem spots) merely become smoke colored. This is owing to the

fact that the stromata of the acervuli are much lighter in color

and the setae much less numerous than on the stem spots. The

stromata are also less developed than those on the stems.

AN EXPERIMENT ON TREATMENT.

From the nature of the disease it was expected that it could

be prevented by spraying. Accordingly, the following experi-

ment was made: On May 15, 1897, 110 Antirrhinum plants, six

to eight inches high and apparently healthy were set in two rows

of 55 plants each. On row was sprayed once a week with Bor-

deaux mixture, receiving in the course of the summer 17 appli-

cations, while the other row was left unsprayed for a check.
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During the latter part of July the disease began to appear abun-

dantly on the unspiayt d row. By August 2d the contiast between

the sprayed and uusprayed rows was very striking and as time

passed this contrast became more marked until at the time of

the last spraying, September 7th, the unsprayed plants were all

ruined and most of them were dead, while the sprayed plants

were in perfect health. (See Plates IV and V.)

RECOMMENDATIONS FOR TREATMENT.

Cuttings should be taken from healthy plants only. Anthrac-

nose is often transmitted from one generation of plants to the

next by means of infected cuttings; hence plants grown from

cuttings usually suffer more from anthracnose than do plants

grown from seed. It is very improbable that the disease can be

transmitted by means of the seed.

So far as known at present, this anthracnose attacks no other

plant besides the .\ntirrhinum. Therefore, the florist whose

grounds are free from the disease will have no trouble so long as

he propagates only from his own stock or from seed. In such a

case the source of danger is in diseased cuttings and plants from

other establishments. How far the disease may be carried by

the wind is not known, but probably less than a half mile.

Where anthracnose is troublesome spraying with Bordeaux

mixture should be commenced as soon as the cuttings are rooted

and continued until the plants are transplanted into the green-

house in the fall. The spraying should be done thoroughly and

at intervals of from one to two weeks, according to the weather

and the severity of the disease. If the plants can be kept free

from disease until they go into the greenhouse, it may not be

necessary to give them further treatment. Should it seem neces-

sary to spray in the greenhouse, we would suggest the use of

ammoniacal solution of copper carbonate, as it will not spot the

flowers and foliage so much. Overwatering should be carefully

avoided and the foliage wet as little asi possible. Thorough ven-

tilation will also aid in keeping the disease in check.

5
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THE STEM ROT.

In December, 18^8, we observed a stem rot or perhaps it might

more appropriatelj be called a branch blight working among some

Antirrhinumfi in one of the Station greenhouses. During the

remainder of the winter and the following spring this disease

became common and caused considerable damage. The same dis-

ease appeared again last winter, but not so destructively.

It attacks chiefly the succulent shoots, causing several inches

of the terminal portion to wilt and die. In some cases, particularly

on shoots which have become somewhat woody, a section of the

stem an inch or more in length turns brown, while the portion

beyond remains green. In a short time, however, the whole

branch dies. More frequently all of the affected portion wilts

and becomes discolored without the appearance of a spot at any

particular place on it. The point of attack may be close to the

soil, but is usually at considerable distance above it, and never

below it so far as observed.

In all cases numerous pycnidia of a species of Plioma soon

make their appearance on the lower part of the affected portion.

In the course of the investigation other fungi were sometimes

found on the diseased stems, but the Phama was so abundant and

eo constantly present that it was suspected to be the cause of

the trouble. Pure cultures of the Phoma were obtained and 11

succulent shoots inoculated with it, as follows: About three

inches below the tip of each shoot a puncture was made, a small

quantity of fungus inserted, and then the puncture covered by

wrapping the stem with grafting wax. Ten check shoots were

treated in identically the same manner, except that no fungus was

inserted in the puncture.

The inoculations were made April 30th. At the end of five

days four inoculated shoots were wilted; two more wilted on the

eighth day, two others on the ninth day, and on the eleventh day

all eleven inoculated shoots were fully w^ilted. Seven of them had

rotted so badly at the point of inoculation that they had broken

over and the tops hung down. As late as June 19th, seven weeks
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after inoculation, all ten check shoots were perfectly healthy. On

other occasions the Fhoma has been inoculated into the shoots

without covering the wounds with wax. Shoots so inoculated

have generally died in from four to ten days, according to their

ftuccnlency. Woody stems, however, do not readily succumb to

inoculation.

The specific name of this Phoftna has not yet been determined.

The spores are colorless, 4-5 At long by about 2 /a wide, and issue

from the ostiolum in a colorless, gelatinous, rope-like mass. The

fungus attacks woody stems with difficulty, but under suitable

conditions it is an active parasite on tender shoots, and might

easily become destructive. It could probably be controlled by

spraying with Bordeaux mixture, as for antbracuose.
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EXPLANATION OF PLATES.

Plate 1Y.—A sprayed plant of Antirrhinum majiis, representing

the condition^ on August 13, of the sprayed row in the

experiment described on page SJf.. A little more than one-

third natural size.

Plate Y.—An unsprayed plant o/" Antirrhinum majiis, represent-

ing the condition^ on August 13, of the check row in the

experiment described on page 6J(.. A little more than one

third natural size.

The plants shovm in Plates IV a/td V were not growyi

in the pots, but were put into them for convenience in

photographing,

Plate YL Fig. 1.—Portion of a stem and two leaves of Antirr-

hinum majus attacked by Colletotrichum antirrliini. Ifat-

ural size.

Fig. 2.—A section of an acervulus of C. antirrhini from a

s*em spot. Drawn loith the aid of a camera-lucida.

Fig. 8.—Pive spores of C. antirrhini. Magnification, 78G

diameters.

Fig. 4.—A seta of C. antirrliini.

Type specimens of Colletotrichum antirrhini have been

deposited in the following herbaria : Herbarium of Cor-

*
nell University, Ithaca, N. Y. ; herbarium of the New
York State Museum, Albany, iV. Y. ; herbarium, of the

Ntw York AgricuUaral Experiment Station, Geneva,

iY Y. ;
and the herbarium of the Iowa State College, Ames,

Iowa.
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EXPERIMENTS ON THE SULPHUR-LIME TREAT-

MENT FOR ONION SMUT.*

F. A. SiRRixE AND F. C. Stewart.

SUMMARY.

Where onions are grown extensively they often suffer from the

attacks of smut, a fungus disease which kills the young seedlings

01- checks their growth.

The chief methods of combating smut are: (1) Transplanting;

(2) rotation of crops; (3) use of larger quantities of seed; (4) the

application of sulphur and air-slaked lime in the drills.

Transplanting is a certain and practical preventive, but there

being considerable prejudice against it because of the labor

involved, we undertook to develop Thaxter's sulphur-lime treat-

ment. Extensive field experiments have been conducted at

Florida, N. Y., during the past five years. These experiments

prove that the yield of onions on smntty land may be greatly

increased by the application of 100 pounds of sulphur and 50

pounds of air-slaked lime per acre in the drills at the time of sow-

ing the seed. In several instances the yield has been increased

at the rate of more than 15,000 pounds per acre, as compared with

untreated plats.

Sulphur alone has considerable value as a preventive of smut,

but seems more efficient when mixed with lime. It has been

shown that the accumulation of sulphur in the soil in moderate

quantity is not likely to be harmful. The sulphur and lime should

not be applied broadcast, as they appear to have no effect upon
the smut when applied in that way.

* Reprint of Bulletin No. 1S2.
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The eulpliur-lime treatment is recommended whenever the Iosb

from smut is as much as one-third, of the crop. The treatment

would be greatlj facilitated and cheapened by the construction of

a drill which will apply sulphur, lime and seed at one operation.

It is further recommended that onion growers investigate the

transplanting method; also try to develop the culture of gome

other crops to rotate with onions.

NATURE OF ONION SMUT.

Smut is a fungous disease which attacks onions grown from

seed. The fungus causing it, Uroci/stis oepulm, is related to the

grain smuts, but different from them. So far as known the

onion smut attacks no other plant than the onion. It kills great

numbers of the seedling plants soon after they come out of the

ground; and many other plants not killed outright by it are much

injured, so that they die later or produce small and misshapen

bulbs which are liable to rot.

If a seedling onion plant affected by smut be examined the

affected leaves will be found to be not only enlarged but often

distorted and if the smut is nearly mature the leaves will appear

abnormally dark in color and often show black streaks. Upon

breaking open the leaves they are found to contain a black pow-

dery mass which is composed of the spores of the onion smut

fungus. These black masses of smut spores also occur on the

bulbs.

AMOUNT OF DAMAGE DONE.

Smut la, perhaps, the most destructive of all onion diseases

and is common in nearly every section where onions are grown-

extensively. There are, however, localities where it is unknown.

In this State it is very troublesome in the onion fields of Orange

County while in the Madison County onion district it appears to

be wholly absent.

It usually does not become destructive in a field until after

onions have been grown for several years in succession. When

onions are grown continuously on the same land the smut grad-
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ually increases from year to year until finally it becomes so

destructive that a profitable crop of onions can no longer be

grown. Onion smut seems to be affected but little by weather

conditions and is not subject to sudden fluctuations in virulence.

MODE OF DISSEMINATION.

Onion smut is chiefly a soil-inhabiting fungus. It rarely gets

away from the soil except as it is carried on the bulbs. Unlike

many fungi, its spores are not carried by the wind except, per-

haps, for very short distances in times of heavy wind when

considerable quantities of soil are moved.

It is not carried on the seed, but on the bulbs it may travel

long distances. It is carried short distances, as for example,

from one field to another in the same neighborhood or from one

part of a field to another part of the same field, on tools used in

cultivation, on crates, barrels and bags, on the feet of men and

horses, with onion refuse used as fertilizer, and by the washing

of the soil during heavy rains.

Many onion growers are accustomed to dispose of their onioB

refuse by spreading it on the land as fertilizer. This practice is

to be condemned as it unquestionably serves to spread the smut.

Unless it can be used on land not designed for growing onions

or on land already thoroughly contaminated with smut (in which

case the damage is inappreciable) it had better be allowed to go

to waste. Especially is this true since the fertilizing ingredienta

in a ton of onions are worth only about 50 to 60 cents and a large

part of this is lost by the escape of the nitrogen in decay.

METHODS OF COMBATING THE DISEASE.

BY THE USE OF LARGER QUARTITIES OP SEED.

When much smut is present in the soil the chief difficulty is to

secure a " stand " of plants. To overcome this, onion growers

are in the habit of using larger and larger quantities of seed oa

the smut increases year by year.
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In extreme cases they use from two to three times as much

seed as would be required on land free from smut. Finally, there

comes a time when it is impossible to obtain a " stand " no mat-

ter how much seed is used.

rotation of crops.

When smut becomes so troublesome that onions can no longer

be grown with profit the land is planted to some other crop for

two or three seasons. This treatment does not entirely rid the

soil of smut but it reduces the amount somewhat so that for a

few years following it is again possible to raise onions. In the

Orange County onion district corn and potatoes are the crops

most commonly used in such a rotation and it is there generally

believed that corn is rather the more efficient in removing smut

from the soil. Speeding the land down to grass for three or four

years is also said to be somewhat beneficial.

How long it would be necessary to withhold onions from the

soil in order that smut might entirely die out is not known,

but it would certainly require many years. Some observations

made by Dr. Thaxteri in Connecticut bear on this point. A field

which had not grown onions for twelve years was sown to onions

in 1888 with the result that from 10 to 50 per ct. of the plants

became affected with smut.

While it is true that under some conditions onion smut spores

may remain alive in the soil for a period of several years, it is

the common experience of onion growers that even an occasional

change of the crop for one or two years gives appreciable relief;

and it is our belief that a systematic rotation of crops would

very considerably- reduce the amount of loss from smut.

BURYING the SURFACE SOIL.

Various methods of burying the surface soil have been tried

with varying success. One such method is deep plowing. This

has sometimes given good results the first season but after that

the smut is as bad as ever. Another method is to cover the field

'Thaxter, R. Ann. Rep. Conn. Agr. Exp. Sta. for 1S89: 138-139.
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with npland soil. Tliis method can only be effective when the

added layer of soil is suflficiently thick to prevent the smutty soil

beneath from being brought to the surface in plowing. The ex-

pense of this treatment probably precludes its use.

A unique method of burying the surface soil has been carried

out by Mr. .J. J. Kelly of Florida, X. Y. He had a piece of land

which had been cropped with onions continuously for thirty

years. It became so smuttv that onlv one-twentieth to one-tenth

of a crop could be obtained even when as much as fourteen

I)ounds of seed were used per acre.^ He then conceived the idea

of causing eight inches of the surface soil to change places with

eight inches of the soil underneath. This was accomplished by

first plowing a furrow eight inches deep, depositing it in a trench

previously made, and then running the plow a second time in the

same furrow, deepening it eight inches more and throwing the

dirt over the first furrow. Care was taken to prevent as far as

possible the mixing of the surface soil with the undersoil. The

surface furrow was carefully leveled off with a shovel before the

bottom furrow was thrown over it.

The chief difficulty encountered was the getting started. It

was necessary to dig a trench eight inches deep and four furrows

wide for a starting point; but Mr. Kelly thinks that another time

he would use the drainage ditch^ as a starting point, thereby

avoiding the labor of digging a trench and at the same time dis-

posing of weeds and grass which become troublesome along the

ditch banks. When done plowing, the dead-furrows would mark

the location of the new drainage ditches which would be already

partly dug.

Another difficulty was found in the fact that it was impossible

for a horse to walk in the deep furrow without miring. This

was overcome by hitching to the middle of the plow beam in

-About six pounds of seed per acre is considered sufficient on land free

from smut.

-In the Orange County onion district the land is mostly livided into small

fields of from one to five acres bounded by open drainage ditches, eighteer
inches to two feet in depth.
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noh a manner as to make it unnecessary for the horse to walk

In the furrow.

Once started, the job was not a difficult one. Mr. Kelly esti-

mates that by using the ditches as starting points the expense of

the work would be about |80 per acre.

This turning of the soil was done in the autumn of 1898. In

1899 the field was sowed with onions, and in spite of the fact

that the crop was somewhat injured by drought, owing to the

looseness of the new soil, the owner estimates that the increased

yield on this one crop repaid him for doing the work. There was

little if any injury from smut. The land was plowed shallow in

the fall of 1899 and again sowed with onions in 1900. At the time

of our visit, May 31, there was a prospect of a full stand of onions

and only occasionally a plant showing smut. However, this small

amouat of smut still left in the soil will increase from year to year

until after some years it will be necessary to repeat the operation.

Theni the question will arise. Are the smut spores in the deep-

luried soil still alive? If they are it will do little good to turn

the soil back to the surface again; but this point can be deter-

mined only by an experiment.

transplantino.

More than ten years ago Dr. Thaxter^ made the important dis-

covery that smut can get into the onion plant only while the

plant is very small. At the same time he observed that trans-

planted seedlings were free from smut. Six years later his suc-

cessor. Dr. Sturgifi,^ made some experiments to determine if smut

can be circumvented by germinating the onion seeds in soil free

from smut and transplanting the plants into the field after they

have become large enough to resist the attacks of the smut fun-

gus. This was found to be true. It was shown that seedling

onion plants reared in smut-free soil can be transplanted into

•mutty soil without contracting the disease. Here, then, is a

*U c, pp. 145-146.

•SturgU, W. O. Nineteenth Ann. Rep. Conn. Agr. Exp. Sta., 1895: 176-

182.
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eolution of the smut problem. But whenever this plan in sug-

gested onion growers immediately exclaim: "
It is not practical;

it is too much labor to transplant onions! " We do not wish to

enter into a lengthy discussion of the subject here, but we will

say that experiments made at several agricultural experiment sta-

tions in different parts of the United States have shown that,

even when smut is not a factor in the problem, the yield of

onions can be greatly increased by transplanting, and that the

method possesses certain other advantages which counterbalance

the additional labor involved in transplanting. The idea origi-

nated with Mr. T. Greiner, of LaSalle, N. Y., who has put it into

practice with great success and written a book about it. It is a

subject worthy of investigatioh^ by onion growers, especially by

those who are having difficulty with smut.

THE SULPHUR-LIME TREATMENT,

In his experiments on the treatment of onion fimut in 1889,

Dr. Thaxter'^ tried several different chemicals which were applied

in the drills at the time of sowing the. seed. The best resnlts

were obtained where a mixture composed of equal parts of air-

•laked lime and flowers of sulphur was used. Here, the yield of

the treated rows was nearly five times as great as that of the

•ame number of untreated rows alternating with them. The

experiment was on a small scale. During the following season,

18&0, another small experiment^ with sulphur and lime gave prao-

tioally the same results; namely, about five to one in favor of the

treatment. A larger experiment was also planned, but on account

•For details as to methods and the results of experiments see: The Now
Onion Culture, by T. Greiner; Onions for Profit, same author; Bui. Ohio

Agr. Exp. Sta., Second Series, Vol. Ill, No. 9; Bui. Tenn. Agr. Exp. Sta.,

Vol. v., No. 4; N. Dak. Agr. Exp. Sta. Bui. 12; S. Dali. Agr. Exp. Sta.

Bui. 47; Tex. Agr. Exp. Sta. Bui. 36; Utah Agr. Exp. Sta. Bui. 45; Aik.

Agr. Exp. Sta. Buls. 28 and 56; R. I. Agr. Exp. Sta. Bui. 14; Mich. Agr.

Exp. Sta. Bui. 79; Wyoming Agr. Exp. Sta. Bui. 22; TJ. S. Dept. Agr.

Farmers' Bui. 39; and Canada Exp. Farms Rep. for 1897, pp. 129-130.

»L. c, pp. 148-152.

•Thaxter, R. Further Experiments on the Smut of Onions. Ann. Rep.

«onn. Agr. Exp. Sta. for 1890: 103-104.
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of poor seed and' unequal distribution of the fungicide the resulte

obtained were unreliable.

Although the results of Dr. Thaxter's experiments plainly indi-

cate that onion smut can be controlled to a large extent by
the sulphur-lime treatment, and notwithstanding the fact that

accounts of his experiments have been widely published, it

appears that onion growers have made very little use of the treat-

ment; and, so far as we can learn, no other experiments upon it

have been reported.

OUR OWN EXPERIMENTS.

ORIGIN OF THE EXPERIMENTS.

At a Farmers^ Institute held in Goshen, N. Y., in March, 1S96,

there was a lengthy discussion of onion smut and its treatment.

One of the writers of this bulletin who was present took part in

the discussion and read the account of Dr. Sturgis"^ experiments

on transplanting onions to avoid smut. The onion growers pTes.

ent were unanimously agreed that, in that locality, it was wholly

impracticable to transplant onions. They were confident that

the process would prove too expensive. Moreover, the market to

which they cater requires small to medium sized bulbs suitable

for boiling whole. Hence, an increase in the size of the bulbs due

to transplanting w^ould tend to reduce their market value rather

than increase it.

As a result of the discussion a resolution was passed requesting

the New York Agricultural Experiment Station to undertake

some experiments on the treatment of onion smut.

We were then, and are still, of the opinion that transplanting

as a method of circumventing onion smut is worthy of considera-

tion by Orange County onion growers. However, as there was evi-

dently a strong prejudice against transplanting and a desire for

a less expensive treatment we decided to repeat Thaxter's experi-

•L. c. Dr. Sturgis' paper was not yet published at that time, but he

kindly loaned us the manuscript for use at the Institute.



New York Agricultural. Experiment Station. 77

ments with sulphur and lime. Thaxter's experimeiits were on a

very small scale. We concluded to repeat them on a ecale sufii-

ciently laa-ge to enable us to determine whether the treatment

is applicable to farm practice.

EXPERIMENTS IN 1806.

Experiments were commenced in the spring of 189G and con-

tinued for five years. They were all made in the vicinity of

Florida, N. Y., which is located in the midst of the Orange County

cnion district.

In 1896 one-half acre was devoted to the expeTiments. As we

had, at that time, little acquaintance with the locality we were

obliged to depend upon others for the selection of a suitable piece

of land for the experiments. When the onions came up it was

found that only a small percentage of the plants in the check

plats were diseased—that is to say, the soil was not sufficiently

impregnated with smut to make it suitable for an experiment on

the treatment of the disease. Consequently, the results were of

so little importance that it is not worth while to discuss them

here.

EXPERIMENTS IN 1897.

For the experiments in 1897 another field was selected. This

time we were more fortunate in securing smut-infeisted soil, but

other difficulties were encountered. Some parts of the field were

more diseased than others. The plats could not all be arranged

so as to admit of close comparisons of yields. The available sup-

ply of air-slaked lime became exhausted before all the plats were

sown; and this necessitated some changes in the original plan.

A strong wind at time of sowing somewhat interfered with the

uniform distribution of the sulphur and lime. The onion maggot,

Anthomijia ceparum, caused unequal amounts of damage in differ-

ent parts of the field'. In consequence of these difficulties it is

best to leave out of consideration a large part of the field and

confine our attention to two series of plats covering a total area

of 18,960 square feet, or a little less than one-half acre.
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Series I.—Sulphur and Lime in Drills.

This experiment consisted of 12 plats, six treated and six

untreated. Each plat was 15 'by 50 feet and had an area of a trifle

less than -g\ of an acre. The six treated plats were placed end to

end. They covered 12 rows, which crossed them lengthwise. The

six check plats were similarly arranged beside the treated plata

and covered the same number of rows. (See diagram, p. 79.)

On the treated plats sulphur^'' and aii'-eJaked lime, equal parts

by weight, were scattered in the drills with the seed at the time

of sowing. The quantity of sulphur and lime used varied on the

different plats from 1,500 pounds per acre down to 125 pounds per

acre. This was done to ascertain what quantity gives the best

results.

The seed used was of the variety Red Globe and was sown

April 13. When the plats were examined on June 12 it was

very noticeable that the plants on the treated plats were taller,

thicker and' of better color. At the same time onion maggots

were doing considerable damage at the north end of the field.

Series II.—Siilphnr in Drills.

This series adjoined Series I. It consisted of eight plats, four

treated and four untreated. Each plat was 15 by S3 feet, thus

having an area of of an acre. The plats were arranged as in

Series I. (See diagram on page 79.) On the treated plats eul-

])hur alone was applied in the drills with the seed at the rate of

1,200, 1,000, 750 and 500 ponnds per acre. The seed, variety Red

Crlobe, was sown April 14, At the examination 0(f the plate on

June 12 it was observed that the plants on the treated plats were

taller, thicker and of better color than those on the check plate.

They compared very favorably with the plants on the plats

treated with sulphur and -lime in Series I.

"The sulphur used in our experiments has in all cases been the " flowers

of sulphur," but we see no reason why the ground sulphur should not

answer as well.
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Pl.AT
(1-58 a ).

A
B
G
D
E
F
G
H
I

J

K
L

Results of Experiments in 1897.

Series I.—Sulphur and Lime, Equal Parts, in Drills.

Yield in Pounds.

Tkeatmknt.

1500 lbs. per acre.

Check

1200 lbs. per acre.

Check

1000 lbs. per acre.

Check

per acre . .500 lbs

Check

250 lbs

Check

125 lbs.

Check

per acre.

per acre.

Per plat.
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and air-slaked lime in the drills. On every tretited plat in Series

I tlie yield was considerably greater than on the adjoining un-

treated plat, the increase varying from 5924 pounds to 15013

pounds per acre; or in terms of barrels^'^ from 40 to 100 barrels

per acre. Certainly, this is a very creditable showing for the

surphur-lime treatment.

The results in Series I indicate that the smaller amounts of

125 and 250 pounds per acre were more beneficial than the

larger amounts; but these results are to be considered onlij as

indications, because plats at the opposite ends of the field do not

admit of close comparison with each other. That this is true is

shown by the fact that the check Plat B at the south end of the

field yielded 486 pounds while the check Plat L at the north end

yielded only 183 pounds. Smut was more severe toward the

north end and the onion maggot also caused more damage there.

The results in Series II show that sulphur, even when used

alone, is tolerably efficient as a preventive of smut. Here, as

in Series I, every treated plat yielded more than its adjoining

check plat, and the difference varied from 2818 pounds per acre

to 8193 pounds per acre; or from 181 barrels to 54| barrels per

acre.

Since Series II adjoined Series I, there is reason to believe

that the results obtained in the two series represent roughly the

efficiency of sulphur and lime used together as compared with

sulphur used alone.

In Series II the larger quantities of sulphur appeared to give

the better results, which is in direct contrast to the results in

Series I, where sulphur and lime were used together; but as

has already been stated close comparisons can not be made be-

tween plats located at opposite ends of the field. The yield per

a<;re on Plat S should have been quite as large as on Plat K
because Plats K and S were in close proximity at the worst

tnfested end of the field and their check Plats L, and T, gave

approximately the same yield.

"In Orange County the onions are sold mostly ty the barrel. A barrel

of onions weighs about 150 pounds.

6
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THE three years' EXPERIMENTS 1898-1900.

Objects of the Experiments.

In the experiments of 1897 the best results were obtained

where the smaller quantities of sulphur and lime, 125 and 250

pounds per acre, were used. This fact suggested the idea that

perhaps the larger quantities of the mixture were in some way

injm-ious to the growth of the plants. When the treatment is

applied every year for a series of years 'a considerable quantity

of the sulphur and lime must accumulate in the soil. Now the

question arose, What will be the effect of repeated applications

of sulphur and lime? If the accumulation of these substances

in the soil injures the growth of the plants perhaps it will be

better to use even smaller quantities than 125 pounds per acre.

On the other hand, if such accumulation in the soil is not detri-

mental to the plants, may we not expect better results with the

smut after the soil once becomes thoroughly impregnated with

the chemicals? Hence, one object of these experiments was to

determine the effect of repeated applications of the sulphur and

lime.

The application of sulphur and lime in the row involves con-

eiderable extra labor. Why not save this labor by applying the

mixture broadcast? Hence, a second object of these experiments

was to determine the effect of broadcast applications of sulphur

and lime.

For convenience we will hereafter call the experiments in

which the chemicals were applied in drills Series I, and the ex-

periments in which they were applied broadcast Series II.

Series I.—'Sulphur and Lime in Drills.

Plan of experiments.
—In the work of the previous two years

we learned that onion smut is rarely equally destructive to all

parts of a field. Often there are great differences in a distance

of a few feet. In order to eliminate from an experiment the

effect of such inequalities in the soil the plats must be long and

narrow and duplicated several times. But since it was planned

to continue the experiments for three years the plats must be
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sufficiently wide to make it possible to relocate them after plow-

ing. Accordingly, the field was divided into ten equal plats, each

being 7| by 157 feet, having an area of^V of an acre. During
three successive seasons, 1898 to 1900 inclusive, the plats were

planted with onions (six rows 15 inches apart on each plat) and

every alternate plat treated with sulphur and air-slaked lime

applied in the drills at the rate of 100 pounds of sulphur and 50

pounds of lime per acre. The remaining five plats were left

untreated for checks. Thus there were five treated plats and five

untreated plats alternating with them. (See diagram on page

85.)

Notes for 1S9S.—^The seed was sown April 23. On June 1 an

attempt was made to determine the percentage of smut-infested

plants on the various plats by taking a portion'of a row contain-

ing 100 plants and noting the number which were smutty. These

observations showed that on an average 64 per et. of the plants

on the treated plats were smutty, while on the check plats 91^

per et. were smutty. A similar count made on June 10 showed

41^ per ct. of the treated plants and 75 per ct. of the untreated

plants infested. It may be asked why the latter count shows

a smaller percentage of infested plants. The answer to this

question is as follows: Some of the affected plants enumer-

ated in the first count had dried up and disappeared by the time

the second count was made. Many of the diseased plants barely

succeed in pushing their heads above the surface of the soil before

they are killed, and the tissues, being very soft, decay and dis-

appear quickly. The truth of this last statement is shown by the

fact that to get 100 plants one must 'invariably cover a greater

distance on a check row than on a treated row, notwithstanding
the two rows received the same amount of seed. At best, such

counts are only apj>roximations, because it is impossible to avoid

overlooking a good many of the affected plants.

The small yield in 1898 was due to a hail storm, during the lat-

ter part of July,and wet weather, which caused many of the bulbs

to rot.^ The crop was harvested August 10.

'For an account of the rot see Bui. 164 of this Station.



bi liEi'OliT OF THE liOTANIST OP TUB

Notes for 1899.—This year the seed was sown April 25. On May

29, when the plants were showing their second and third leaves^

counts were made to determine the percentage of smutty plants.

The treated plats were found to average 20 2-5 per ct. of smutty

plants and the untreated plats 72 4-5 per ct. At this time it

was evident, CA^en to a casual observer, that the treated plats

were in considerably better condition, seemingly about 25 per

ct. better than the untreated plats. The plants on the treated

plats were larger and more numerous. The crop was harvested

September 6.

Notes for 1900.—Seed sown April 27. A strong wind seriously

interfered with the proper application of the sulphur and lime.

On May 19 the plants were much injured by a dashing rain.

Counts made Mary 28 showed the percentage of smut-infested

plants on the treated plate to be 38^, and on the untreated

plats 80. Counts made June 11 showed 31 per ct. of diseased

plants on the treated plats and 52 1 per ct. on the untreated

plats. The earlier counts invariably show a larger percentage of

smut and are the most reliable. By June 11 there was a marked

difference in appearance in favor of the treated plats. The crop

was harvested August IT.
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Restjlts of the Three Years' Experiments.

Sekies I.—100 Lbs. Sulphur and 50 Lbs. Lime in Drills.

Yield in Pounds.
If98. 1899. 1900.

««=«* « ^S S« ^ "S Is

PL^T
TREAT- g ^1 |a g <S§ 1^ g ^i ||

(l-37a.) MENT. (L, S S S. S. S p5 -£5
M Treated.. 161 5957 2534 8831/2 32,690 23,384 793 1^ 29,360 7,807
N Check.... 921^3423 2511/3 9,306 5821/2 21,553

O Treated.. 1311/^ 4866 3016 721 26,677-17,482 7331/2 27,140 19,037
P Clieck... 50 1850 2481^ 9,195 219 8,103

Q Treated.. 81 1^ 3016 1240 676 25,012 12,802 437 16,169 9,218

R Check... 48 1776 330 12,210 188 6,956

S Treated.. 124i^ 4607 2498 456 16,872 7,714 587 21,719 9,694
T Check... 57 2109 24Ti^ 9.158 325 12,025

U Treated.. 80 2960 814 631% 23,366 15,485 814 30,118 12,302

V Check... 58 2146 213 7,881 481% 17,816

Average annual yield of the five treated plats.

Average annual yield of the five check plats

Average annual increase per plat due to treatment

Average annual yield per acre of the treated plats

Average annual yield per acre of the check plats. .

Average annual Increase per acre due to treatment

487 lbs.

226 lbs.

261 lbs.

18,035 lbs,

8,369 lbs.

9,666 lbs.

Discussion of results.—From an examination of the table above

it will be seen that every treated plat yielded more than the

adjacent untreated plat, and this was true for all three years. In

ISO© the smallest yield on any treated plat (456 lbs.) was 38 per

ct. larger than the largest yield on any untreated plat. (330 lbs.)

Moreover, this increase in yield was not a trifling one. It varied

from 814 pounds to 23,384 pounds per acre, and the average

increase in yield, including all the plate and covering all three

years, was 9,666 pounds or 64 barrels per acre. However, a brief

•tudy of the table is sufficient to show that this amount is surely

imaller than the true measure of the benefit derived from the

treatment. This is true because of the abnormally small yield in

189'8. In that year the crop was injured at least 50 per ct. by

hail and there was also considerable loss from rot. Leaving the

eason of 1898 out of consideration, the average annual increase

per acre due to the treatment was 13,492 pounds or 90 barrels.
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If we consider only the year 1899, the average increase per acre

was 15,373 pounds or 102 barrels.

It will be. observed that in 1899 and 190Q even the check plata

gave a fair yield, showing that the disease was not nearly as

destructive as it is sometimes. Had there been more smut pres-

ent the difference between the treated and untreated plats would

most likely have been greater.

Since the plats were of fair size (^V acre), very narrow, and

duplicated five times, and the experiment continued three years,

with the yield constantly in favor of the treated plats, it appears

to us conclusively pi'oven that sulphur and lime in the drills is

an important aid in increasing the yield of onions on smutty

land. This conclusion is further supported by the results of the

experiments in 1897 (see page 80) as well as by Thaxter'a

experiments.

It is possible that the substances used have s.ome value as

fertilizer, but judging from the experiments in which sulphur

and lime were applied broadcast it appears that their fertilizing

value is at best but trifling. (See page 90.) That the treatment

does actually prevent smut ia shown by the fact that the un-

treated rows invariably showed a larger percentage of smutty

plants.

Series II.—Sulphur and Lime Broadcast.

Plan of experiment.
—This experiment was designed to show

the effect of applying the sulphur and lime broadcast and also

the effect of repeated applications. The field used was 340 feet

long by 81 feet wide. It was divided crosswise into 12 equal

plats, each 28^x81 feet and having an area of-gV acre. (See

diagram on page 85.) There were six treated plata alternating

with six check plats.

On three of the treated plats 100 pounds of sulphur and 50

ponnds of air-slaked lime (same quantity as used in the drills in

Series I) were applied broadcast and harrowed in two or three

days before the seed was sown. On one of these three plats the

chemicals were applied only one year (1898); on one, two years

(1898 and 1899); and on one, three years (1898, 1899 and 1900),
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On the other three treated plats 750 pounds of sulphur and

375 pounds of lime were applied broadcast before the seed was

s-own; one plat receiving the application for one year, one plat

for two years, and th^ third plat for three years, as described

above.

The field on which this series of experiments was made lay to

the east of Series I field, joining it at Plat L. The rows were run

lengthwise across both fields; hence in Series II the rows ran

crosswise the plats.

Notes for 1898.—The seed was sown April 23. The July hail-

storm injured the phmts very much, probably reducing the yield

by 50 per ct.; and the accompanying heavy rain induced a bac-

terial rot which destroyed large quantities of the bulbs. The

crop was harvested August 10.

Notes for 1899.—In the fall of 1898 the field was given a dress-

ing of stable manure at the rate of eight wagon loads per acre,

and then plowed. On April 24, 1899, 'the sulphur and lime were

applied broadcast on Plats D, F, J and L. Plats B and H, treated

in 1898, were omitted this year because they were to be treated

but one year. The field was then thoroughly harrowed, after

which it was smoothed by
"
planking." The seed was sown April

25 at the rate of 8 pounds per acre.

On May 27, Plat D (treated two years with 750 pounds of sul-

phur and 375 pounds of lime per acre) showed 36 per ct. of

smutty plants against 38 per ct. on Plat C (untreated). On

Plats D and F the stand of plants was thin, indicating that the

sulphur and lime had been injurious to the seedlings. The crop

was harvested September 6.

Notes for 1900.—Field plowed in the fall of 1899. The follow-

ing spring commercial fertilizer was applied to the whole field at

the rate of 500 pounds per acre. April 20, sulphur and lime were

applied broadcast on Plats F and L only, and the field harrowed.

On Plats D and F the sulphur applied to them in 1898 and 1899

was still plainly visible. The seed was sown April 27 and the

crop gathered August 17.
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Results of the Three Years' Experiments.

Series II.— Sulphur and Lime Broadcast.

Yield in Pounds.

1898. 1899. 1900.

Treatment. ,. -,
'

• ^

Plat Qaantities ©^ 2 «^ c «^
(l-lUa.) given are ^ £« «S^fe5 gS - SS^ S5

per acre. a s3 gs* « aS 2« « «= 2c3

A Check 176 3344 1283 24,377 981i 18,705

B 750 lbs. 8.

+375 lbs.

1. l.year. 154^ 2935 —409 1114 21,166 —3211 897^ 17,052 —1653

C Check 188 3572 1125 21,375 816i i.j,513

D 750 lbs. 8.

+375 lbs.

1.2 years. 187 3553 —19 1171122,258 883 852A 16,197 684

E Cheek 178 3382 1031 19,589 818^ 15,551

F 750 lbs. 8.

+375 lbs.

1.3 years. 178 3382 1032 19,608 19 718 13,642—1909

G Check 137 2603 743 14,117 978^ 14,791

H 100 lbs. «.

+50 lbs.

1. 1 year.. 16U 3068 465 798^ 15,171 1054 786 14,934 143

I Check 185J 3524 828i 15,741 788^ 14,981

J 100 lbs. 8.

+50 lbs.

1. 2year8. 148^ 2821—703 876 16,644 903 776i 14,753 —228

K Check 155 2945 691 13,129 750i 14,259

L. 100 lbs. s.

+50 lbs.

1. 3 years. 149 2831 —114 857 16,283 3154 739 14,041 —218

Average annual yiold of check plats A, C and E 733 lbs.

Average annual yield of treated plats B, D and F 700 lbs.

Difiference in favor of check plats 33 lbs.

Average annual yiehl of check plats G, I and K 562 lbs.

Average annual yield of treated plats H, J and L 588 lbs.

Difference in favor of treated plats. 26 lbs.

Discussion of results.—Because of the shape of the plats^ the

influence of vaiiations in the original amount of smut and soil

conditions was not so completely eliminated as it was in Series I.

Hence the results obtained In Series II are less reliable than

those obtained in Series I; that is to say, that where there is a

difference in yield between a treated plat and its check that dif-
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ference may be not wholly due to the treatment but partly the

result of differences in soil conditions, insect injuries, or original

amount of smut on the two plats.

The figures in the table on the preceding page seem to show

that the broadcast application of the sulphur and lime had little,

if any, effect on the yield. With one exception (Plat L, 1899) the

differences in yield between treated and untreated plate were

comparatively small. With the exception noted these differences

may easily have been due to differences in soil conditions, etc.

Moreover, the results are not consistent with themselves. It is

impossible to find any system among them. For example, Plat

J, which received applications of the smaller quantity for two

years, showed a loss of 703 pounds per acre in 1898, a gain of

903 in 1899, and again a loss of 228 pounds in 1900.

It appears that where sulphur and lime are applied in small

quantity^ as, for example, 150 pounds per acre, there is little

danger of harmful results from the accumulation of the sub-

stances in the soil. This is best shown on Plat P, where the

substances were applied at the rate of 1,125 pounds per acre for

three consecutive years without materially affecting the yield.

In 1898 this plat yielded exactly the same as its check; in 1899

it yielded 19 pounds per acre more than its check; in 1900 there

was a loss of 1,909 pounds per acre, which may or may not have

been due to the treatment. Granting that it was due to the

treatment, the amount is small as compared with the increase in

yield resulting from the use of small quantities of sulphur and

lime in the drills.

This experiment also proves that the increase in yield where

sulphur and lime are applied in the drills is not due to any

fertilizing value of the substances. Had the substances any
considerable value as fertilizer the treated plate should have

uniformly yielded more than the untreated plats, especially Plats

B, D and F where the large quantities were used. But such was

not the case. The three heavily treated plats averaged 627 pounds

per acre less than their check plats.



Fig. 1.—Seed Drill in Operation.

Fig. 2.—Attachment of Boxes and Outlet Spout.

Plate VII.—Seed Drill with Attachment for Distributing
Sulphur and Lime.
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HOW TO APPLY THE SULPHUR AND LIME.

Since it seems proven by the foregoing experiments that the

broadcast application of sulphur and lime can not be suecessfullj

substituted for the application in drills the question arises, How

is the application in drills best accomplished? In our experi-

mental work we found the application of the sulphur and lime a

difficult problem. In 1897 we proceeded as follows: The rows

were first opened by using the seed drill with the coverers lifted

and the seed boxes empty. The sulphur and lime (which had

been previously thoroughly mixed) were then scattered in the

open rows by hand, after which the seed was sown by running

the seed drill over the rows.

In 1898 the rows were first opened by means of a home-made

wooden marker, the sulphur and lime applied by hand and the

seed then sown by a drill made to follow the open rows.

The application of the sulphur and lime by hand in this way

involved considerable extra labor. Moreover, the sulphur and

lime were not brought into as close contact with the seed, as

seems ne«cessary for the best results; because when the drill

passed over the rows the second time to sow the seed the chemi-

cals were mixed with the dirt to a considerable extent. It was

plain that both of these difficulties would be obviated by a drill

rigged to sow sulphur, lime and seed all at one operation; so we

had a seed drill for this purpose constructed by a local mechanic.

As shown in Plate VII, this machine was constructed on the

same lines as the ordinary three-row drill used on the Florida

" meadows "
except that considerable space was left between the

wheels and seed boxes for the attachment of boxes to carry the

sulphur and lime. The latter were placed in front of the seed

boxes in order that the sulphur and lime might fall in the open

row ahead of the seed and also to bring the weight as near to

the wheels as possible.

The apparatus for regulating the quantity of mixture to be

applied was the same as that used on the seed boxes for regulat-

ing the application of the seed. Each box was provided with tw«
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sets of agitatoivs to prevent banking anJ clogging, and as a fur-

ther precaution the sides of tlie boxes \Yere made nearly perpen-

d'eular; but in order to get as much carrying space as possible

the front ends of the boxes were slanted over the wheels. This

proved to be a mistake as it favored banking. The front of the

boxes should be perpendicular.

The outlet spouts were made uniform in size throughout their

entire length and stood nearly perpendicular when in use—an-

other precaution to prevent clogging. To secure uniform distri-

bution of the mixture in the row each spout liad a cone-shaped

bridge below the outlet. (See Plate VII, Fig. 2.) It is desirable

to have the mixture scattered along the sides as well as in the

bottom of the furrow, so that the coverers in passing will draw it

over the seed.

We have used this machine for two years with fairly satisfac-

tory results 'and certainly with much more uniform results than

could have been obtained by the hand application of the mixture.

The important features of uniform and rapid application are fur-

nished by this machine, but many improvements can be made

upon it by careful and neat workmanship. The agitators are

heavy, bungling affairs, with considerable lost motion. The sul-

phur-lime 'boxes should be larger and made of light material; and

the arrangement for opening and closing the slots which regulate

the quantity of material sown should be made so strong that it

will not bend when used. It is probable that the manufacturers

of garden tools could make a machine on the same lines which

would work to perfection and thus make the sulphur-lime treat-

ment an inexpensive method of controlling onion smut.

SOME OTHER EXPERIMEXTS.

EXPERIMENT TO DETERMINE STAGE OP GROW'TH AT WHICH INFECTION

OCCURS.

Reference has already been made (page 74) to Thaxter's experi-

ments, which proved that infection takes place below grourrd

and while the plant is very young; "also to Sturgis' experiments

on transplanting onions, in which it was shown that onion seed-
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liwiis o-erminated in smut-free soil do not contract the disease

when transplanted into smut-infested soil.

The following little experiment made by us in 1900 confirms

the 'results obtained by Thaxter and Sturgis. In a garden at

Jamaica, Long Island, where onion smut had never been known

to occur, we planted onion seed in eight rows each ten feet in

length. A quantity of smut-infested soil was brought f^'om

Florida, N. Y., and applied to four of the rows, as follows:

Row 1. Smutty soil sown in the open row before sowing the

seed;

Row 2. Check;

Roic 3. Smutty soil sown in the open row after the seed was

sown, but before it Avas covered;

Row 4' Check;

Row 5. Smutty soil sown over the rows immediately after the

seed was covered;

Row 6. Check;

Row 7. Smutty soil sown over the row^s 11 days after the seed

was sown—just after the seedlings began to appear above the

surface of the soil;

Roiv 8. Check.

The seed was sown May 2. There was rain on the morning of

May 3 and again on the evening of May 8.

In Rows 2, 4, 6, 7 and 8 none of the plants became infested

with smut; in Rows 1 and 3 there were very many smutty plants;

and in Row 5 i few smutty plants.

The results of this experiment indicate that by the time the

onion seedlings reach the surface of the soil they are immune to

the attacks of smut. The few smutty plants in Row 5 are to be

accounted for by supposing that the rain of May 3 carried some

of the smut spores down to the germinating seeds. In the case

of Row 7 it is very improbable that the failure of the plants to

become infested was due to the lack of suitable conditions 'for

spore germination; because light rains fell May 13, 15, 16, 17 and

18; on Miiy 19 there was a heavy rain.
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experiments on coating the seeid with fungicides.

All of our experiments on the sulphur-lime treatment have

pointed to the importance of bringing the mixture into close con-

tact with the seed. While thinking over this it occurred to us to

try the direct application of fungicides to the seed.

A quantity of smut-infested soil was secured and to make sure

that it was thoroughly impregnated with smut spores a quantity

of the juice of smutty onions was mixed with it. Five boxes,

12 inches square and 4 inches deep, were filled with this soil.

One box was planted with onion seed which had been dipped In

a 10 per ct. solution of potassium sulphide; one box with seed

dipped in eau grison;!^ ^ng ^qx with seed wet with water and

then rolled in sulphur and lime; one box with seed wet with

thin glue and then rolled in sulphur and lime; and the remaining

box with untreated seed for a check. A sixth box was filled with

sterilized soil and sowed with untreated seed; 200 seeds were

planted in each box.

The seeds, which were first wet with thin glue and then rolled

in sulphur and lime, retained the sulphur and lime nicely and

we had high hopes of the success of thie treatment. But wheis

the plants came up many were found to be affected with smut,

and at the end of four weeks there was but one living plant in

all five boxes of the smutty soil. They had all died with smut;

while in the box of sterilized soil there was nearly a full stand of

healthy plants.

Thus it appears that a coating of sulphur and lime on the seed

alone is not sufficient; the fungicide must be where it will come

in contact with the caulicle or radicle or perhaps both.

CONCLUSIONS AND RECOMMENDATIONS.

There seems to be no doubt that onion smut can be prevented

to a considerable extent, but not wholly, by the application of

sulphur and air-slaked lime in the drills at the time of sowing

"For the formula of eau grlson see Lodeman, D. Q. The Spraying of

Plants, p. 147. MacMillan & Co., 18G6.
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the seed. What quantity of sulphur and lime it Is best to use

has not been definitely determined, but in our experiments excel-

lent results have been obtained from the use of 100 pounds of

sulphur ajid 50 pounds of lim'e (equal parts by measure) per

acre. We recommend the use of this quantity until it has been

shown by experiment that some other quantity gives better re-

sults.

There is no danger of harmful results from the accumulation

of the sulphur in the soil provided it is not used in excessively

large quantities. Broadcast applications of the sulphur and

lime have little if any effect on smut; the application must be

made in the drills.

The smuttier the land the better, proportionally, will be the

returns from the sulphur-lime treatment. In general, we believe

it will be found profitable to apply the treatment to any field on

which it is impossible to obtain more than two-thirds of a full

crop because of smut. With a perfect working machine for

applying the mixture perhaps the treatment will be profitable

where the loss from smut is even less than one-third of the crop.

Without the use of a machine the treatment must be made by
the somewhat laborious method of first opening the rows either

with a seed drill or some sort of marker, then scattering the sul-

phur and lime in the open rows by hand, and finally running the

seed drill over the rows a second time to sow the seed. Although

involving considerable extra labor and a small money outlay for

sulphur (about two dollars per acre) we are confident that the

treatment is profitable, especially on very smutty land.

Wihile the sulphur-lime treatment will undoubtedly give con-

siderable relief and we advise its use, it should not be forgotten

that smut may be loliolhj prevented by rearing the seedings in

hotbeds and transplanting. We advise those onion growers who

suffer heavy losses from smut to investigate the transplanting

method. Surely there is some way of applying it profitably to

the methods of onion growing practiced in Orange County; and if

there is not it may be worth while to alter the methods and grow

the large onions to which the transplanting method is especially
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applicable. It should also be borne in mind that transplanting

has the same effect as a rotation of crops in starving out smut.

The rotation of crops, too, is worthy of consideration. Surely

the onion crop is not the only one that can be profitably grown on

the " meadows " in Orange County. Such soil is admirably

adapted to the growth of celery, and to other plants. It seems

advisable for onion growers in that section to develop the culture

of some other crops to be grown in rotation with onions.



THE STERILE FUNGUS RHIZOCTONIA AS A
CAUSE OF PLANT DISEASES IN AMERICA *

B. M. DUGGAR AND F. C. StB1WAB.«,

SUMMARY.

RJiizodonia is a name given to certain sterile fungi occurring

upon the subterranean parts of plants. Botanical literature

contains numerous accounts of plant diseases in Europe caused

by RMzoctonia; but little has been written on such diseases in

America.

Finding that Rhizoctonia is common on various cultivated

plants in America the authors have undertaken an exhaustive

study of the genus. The bulletin is a preliminary report. It

contains accounts of the discovery of the fungus on about 30

species of cultivated plants in the United States.

Rhizoctonia is the cause of a destructive root-rot of the sugar

beet, a destructive stem-rot of the carnation, a leaf-rot of green-

house lettuce, a leaf-rot of ornamental asparagus and a root-rot

of the carrot; and is of common occurrence on stems and tubers

of the potato. It is a frequent cause of damping-off of various

seedling plants, such as beet, carnation, celery, lettuce, cab-

bage, etc. It is also the suspected cause of disease in the bean,

rhubarb, cotton, and some other plants. Further observations*

will probably show that many other plants are infested by it.

Repriut of Bulletin No, 186.

as
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How many distinct species of the fungus there are is unknown;

but the number is probably much smaller than the number of

host plants. This must be determined largely by cross-inocula-

tion experiments. Such experiments have been in progress for

two years, but the report on this part of the investigation, as

well as on several other features, will be reserved for a future

publication.



THE STERILE FUNGUS RHIZOCTONIA AS A

CAUSE OF PLANT DISEASES IN AMERICA.

Being a Preliminary Report upon the Ocourrencb op Diseases

OF Plants in America Caused by Different Forms

OF THE Sterile Fungus Rhizoctonia.

By B. M. DuGGAR, Cryptogamic Botanist, Cornell University Agl. Exp.

Sta. and F. C. Stewart, Botanist, New York Agl. Exp. Sta.

INTRODUCTION.

Studies on a beet root-rot and a carnation stem-rot in 1898

first drew the writers' attention particularly to the fungus

Rhizoctonia as a cause of various plant diseases in this country.

It needed no extended search to ascertain that this fungus is

much more commonly associated with diseases of certain green-

house and field plants than our economic literature would sug-

gest. During the three seasons that our attention has been

directed to this matter, the occurrence of Eliizoctonia on some

entirely new hosts has been observed, and also upon other hosts

new to America. As a preliminary report, it now seems well

to bring the subject to the attention of American mycologists.

Our work is directed towards a monograph including all known

species of this fungus; and it is hoped that these notes will

enlist the support of other workers, and some contributions of

material.

Besides a brief historical and morphological account, this bul-

letin concerns itself merely with the presentation of some notes

upon the occurrence and destructiveness of American forms

observed by the authors. We reserve for the final paper all

details of special morphology and physiology of the forms, as

well as general matters of taxonomic interest and a discussion of
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European species. Nothing will at present be said of the limita-

tions or identity of species. The latter is a matter which must

be determined largely by cross inoculations, together with mor-

phological studies. Inoculation experiments have been in prog-

ress for two years, but they are not yet in shape to be fully

reported; hence a presentation of the results will be deferred.

RJiizoctonia is a form genus established to include certain

sterile fungi occurring upon the roots of plants. The members

of this genus, however, may be readily located by certain dis-

tinguishing characters of the mycelium. In pure culture, more-

over, a very characteristic form of growth is to be found. The

young hyphae growing in diseased tissue or in pure culture show

a distinctive manner of branching; but as this character is in

general the same for all, a description of the beet fungus will

suffice for this account. The young branches are inclined to the

direction of growth of the parent branch at an angle more or less

acute. And the former are somewhat narrowed or constricted

where united with the latter, as in Fig. 1. At a distance of a

few microns from these places of union, a septum is invariably

formed. The young hyphae are often strongly vacuolate; but

later they usually become uniformly granular and more deeply

colored. The branching also seems to have occurred more nearly

at right angles to the main hypha, and the constriction at the

place of union may not be so marked. (See Fig. 2.) On the beet

root a short, tufted, or somewhat sporodochia-like growth of the

mycelium may also occur. The hyphse of these tufts are brown,

closely septate, constricted at the septa, and often branching

in an irregular or dichotomous fashion, as in Fig. 3. Such hyphae

may eventually break up into hyphal lengths of a single cell or

several cells in extent. The individual parts then seem to func-

tion as conidia, and germinate within a few hours when placed

in suitable conditions. So far as observed, germination is al-

ways by the protrusion of a tube through a septum. When sev-

eral cells are connected, a germ tube from one cell may pass into

and through its neighbor, as in Fig. 4, and thus peculiar appear-

ances may result. Some of the cells of the hyphal chains seem
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to be devoid of protoplasm, and from neighboring protoplasmic

cells the germ tubes seem to pass into such empty cells as read-

ily as directly into the nutrient solution. When the germ tube

is from 10 ,« to 20 /x in length, it is invariably narrowed towards

the outlet from the parent cell, and a septum forms at a short

distance from this outlet, as in Fig. 4. Large, irregular, sclero-

tial bodies are sometimes found upon the beet, but they are by
no means of constant occurrence.

If a part of a diseased beet is placed in a moist chamber, a

loose mycelial growth soon appears, and the threads may grow
out to the extent of half an inch or so. From this it is an easy

matter to obtain a pure culture by transferring some of this

mycelium to acidulated agar in petri dishes. The fungus grows

readily upon acidulated agar, while bacteria are for the most

part excluded. The fungus may then be transferred to bean pods,

or beet plugs, in test tubes, upon both of which media most

forms of Rhizoctonia seem to grow well. In pure culture a loose

mycelial growth first appeafs. This becomes brown in time. A
short tufted growth may appear later; and usually there is also

an effuse or crust-like sclerotial development. In culture the

sclerotia are usually irregular in form and brown in color.

At this time it is not desired to enter into a discussion of the

slightly different morphological characters which may distinguish

the different forms of Rhizoctonia.

BRIEF NOTES UPON RHIZOOTONIA IN BUROPB.

{Historical.)

The root-destroying fungus Rhizoctonia was first discovered

by De Candolle^ in 1815. He named two species: Rhizoctonia

medicaginis, occurring on Medicago, Trifolium and related hosts;

and R. crocorum, a fungus destructive to crocus bulbs. Of the

brief notes published upon other species of the fungus and other

host plants until 1851, a comprehensive summary is given by the

brothers Tulasne.^ They believed that the several species then

' De CandoUe—Mem. d. Mus. d'hist. nat., 1815.

"Tulasne, L. et C—Fungi Hypogaei, pp. 188-195, 1851.
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described were not to be regarded as distinct, and all were thrown

together under the name RMzoctonia vlolacea. In 1858 Kilhn^

discussed more at length certain forme of economic importance,

and made known some new hosts among agricultural plants.

FuckeP reported a perithecial form, Leptosplimria {Bijssotheckim)

circina'Tis and also a pycnidial form of R. medicaginis D. C. The

only claim for the relationship of these forms was based upon

their association in nature.

In a similar way other fungi have been subsequently suggested

as perfect stages of Rliizoctonia, but evidence of genetic relation-

ship is constantly lacking.

Among forms more recently described may be mentioned an

oak root-fungus discovered by Hartig.^ It was found closely

associated with the ascomycetous form RosselUnia qiiercina, so'

that the reported rhizoctonial stage was described under the

latter name.

Scholtz* has described RMzoctonia strohi, can'sing a disease of

the Weymouth pine, and he was unable to establish any con-

nection between the hypha3 of this RMzoctonia and those of cer-

tain fruiting forms on plants killed by this disease.

Frank^ has recently reported R. violacea as destructive to grape

vines. A perfect form is reported which he names Thclephora

rMzoctonicB.

Rostrup has also described RMzoctonia fusca, the cause of a

disease of turnips in Sweden. Comes, Sorauer and Frank have

also given full general accounts of the European rhizoctonial

diseases in their works on plant dseases.

The list of European host plants now covers a very wide

range. The following are the most important plants affected:

alfalfa, asparagus, beet, carrot, various clovers, crocus, fennel,

*
Kiihn, J.—Krankheiten der Kulturgewachse, Berlin, 1858.

* Fuckel.—Botan. Zeitung, 34, 1861 (p. 250)..

*
Hai'tig, R.—Untersuch. aus d. forstbotan. Institut zu Miinchen, 1888.

* Scholtz.—RMzoctonia stroM, ein neuer Parasit der Weymoutliskiefer.

Verhandl. d. zoolog. botan. Ges. Wien, 47:541-557, 1897.

'Frank, B.—Bin neuer Rebensehiidiger in Rheinhessen [Ref. Centrbl. t

Bakt. Parasitenk. u. Infektionskr., 4, 781, Abth. II.]
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geranium, oak, onion, pine, potato and turnip. In all of the

above the fungus is primarily a root parasite, and it will be

seen that it occurs upon fleshy, herbaceous and woody roots.

BHIZOOTONIA in AMERICA,

(HistoriGal.)

Neglecting for the present any such mentions of Rhhoctonia

as have been made in " Lists of Fungi," or even brief technical

descriptions of new forms, we find in American literature very

little concerning Rhizoctonia. In 1891 Pammel^ published some

notes on beet diseases, and a beet root-rot was described which

he considered due to Rhizoctonia betm Kiihn,^ this fungus hav-

ing been mentioned by Kiihn, Eidam and others as an important
beet disease in Germany.

In 1892 Atkinson^ found in Alabama a sterile fungus causing

a damping-off of cotton, also called " sore shin." Later he

found and described a similar fungus in connection with the

damping-off of various seedlings under glass at Ithaca.*

The above are the chief economic references to the occurrence

of Rhizoctonia in America until the appearance of Bulletin 163^

of the Cornell Experiment Station. In December, 1898, the

writers presented a paper on Rliixoctonia to the Society for Plant

Morphology and Physiology at its meeting in New York City.

This paper, which was entitled " Different Types of Plant

Diseases due to a Common Rhizoctonia,^^ was published only in

abstract.^ During the past year Stone and Smith'^ have published

an account of lettuce Rhizoctonia and some experiments on its

'Pammel, L. H. Bulletin 15. Iowa Agl. Exp. Sta., 1891.

'Kiihn, J.—1. c.

•Atkinson, Geo. F. Some Diseases of Cotton. Bulletin 41, Ala. Asl.

Exp. Sta., 1892, pp. 30-39.

*Atkinson, Geo. F. Damping off. Bulletin 94, Cornell Univ. Agl. Exp.

Sta., 1895, pp. 339-342.

"Duggar, B. M. Three Important Fungous Diseases of the Sugar Beet.

(See pp. 339-352.)
• See Bot. Gaz., 27: 129.

^
Stone, G. E., and Smith, R. E. The Rotting of Greenhouse Lettuce.

Mass. Exp. Sta., Bui. 69.



104 Report of the Botanist op the

treatment. In the succeeding pages we give out observations

upon the occurrence of Rhizo'Ctonia upon various plants in

America,

ON THE BEIAN.

(Phaseolus vulgaris.)

Early In August, 1900, we received a few complaints of the

ravages of what appears to be an undescribed stem-rot disease of

beans. A field of about twenty acres of red kidney beans near

Geneva was considerably injured by the disease. The plants

were affected as follows: At a distance of from one to two

inches above the surface of the soil there was a place on the

stom where the tissues were dead and discolored. Frequently,

this occurred at the point where the plants commenced to branch.

The dead part was dry-rotten clear to the pith, from one-half

inch to one inch or more in length, and usually extended en-

tirely around the stem. Being much weakened at the point of

attack, it was a common thing for affected plants to be broken

over by the wind. When this did not happen, the whole plant

slowly dried up and died.

Although larvae were occasionally found in the diseased stems,

it was plain that the trouble was not due to any insect. In

all stages of the disease the affected parts were constantly filled

with a species of Fusarium, which at that time we suspected to

be the principal cause of the disease. However, Rhizoctonia

hyphse were also present in a great many cases. Sometimes the

medulla of dead plants were completely filled with Rhizoctonia,

and occasionally it was found in early stages of the disease; hut

it was not constantly present in quantity. The crop preceding

the beans was com.

From Phelps we received bean plants affected with the same

disease and some of them showed an abundance of Rhizoctonia.

Mr. F. M. Rolfs^ also reports having found Rhizoctonia on beans

on Long Island.

^Our thanks are due Mr. Rolfs who has made a great many field obser-

vations for us.



Fig. 1.—Young Hyphae of
THE RHIZOCTONIA.

Fig. 2.—The Brown Hyphae which Invest the Cracks on Diseased Beets.





Fig. 3.—The Large, Closely Septate Hyphae which Make Up the Short
Tufted Growth.

Fig. 4.—Germinating Cells of the Beet Root-Rot Fungus.
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Later^ pure cultures from the Geneva material proved capable

of producing disease in carnation plants, so that the fungus is

very likely pathogenic.

Moreover, on at least two occasions a RMzoctonia has been

found producing damping-off among seedling beans in the gieen

house. The disease is characterized by an ulceration of the stem

at the surface of the soil and later prostration and death of the

seedlings,
ON THE BEET.

{Beta vulgaris.)

Our attention was first called to this disease by specimens of

affected beets sent to us from Binghamton. A few days 'after-

wards the disease was discovered as a beet trouble of consider-

able importance at Cattatonk, N. Y. This occurrence has been

fully treated in Bulletin 163 of the Cornell Expeidment Station,

and at this time a summary of these notes will sufiSce. At Catta-

tonk a three-aqre field was attacked so severely that fully one-

third of the crop was lost. Diseased plants are usually found in

scattered areas throughout the field; but the fungus undoubtedly

passes readily from plant to plant in the row and it has a tend-

ency to spread rapidly. Cold weather or dry conditions quickly

retard the spread of the trouble, and it is much more abundant

where the soil is moist or the surface drainage bad.

During hot weather the fungus secures a hold most readily at

the bases of the leaves^ perhaps because here there is moisture

with the slightiest rain or dew. Inoculation experiments also

demonstrate that in these parts the disease " takes "
well. The

progress of the injury may be noted by the blackening of the

leaf bases, and finally the wilting and prostration of the leaves

themselves. The leaves do not, however, turn brown until after

they have fallen. When the fungus has worked into the crown

and root proper, a browning of those parts is evident, and finally

deep cracks may appear, as shown in Plate VIII.

The brown mycelial threads of the fungus among the diseased

leaf bases are evident to the unaided eye, and after the root has

become affected, a considerable mycelial weft may be found in
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the cracks and affected parts. A diseased beet sliced lengthwise

and placed in a moist chamber yields in a day or two a luxuriant

growth of the fungus.

This disease has since been reported to us in the central and

the western parts of the State, but specimens were not seen.

During the past season it was found again,, in the month of

August, at Flint and at Phelps, N. Y.; but in neither case was

there any serious outbreak of the disease. Specimens collected

at the former place showed a considerable development of

sclerotia, which bodies had not been previously observed upon
the beet. Furthermore, Mr. A. D. Selby has kindly told us that

he has found this disease of beets in Ohio during the past

autumn.

Injoculation experiments have been made in the field, and these

all indicate beyond a doubt that this Rhizoctonia may readily

produce beet root-rot when the conditions are favorable. Moist

conditions are essential for the spread of the disease from plant

to plant. Moreover, this fungus taken directly from diseased

beets has the power of damping off lettuce and also beet seed-

Id ngs.

A beet disease due to a species of Rhizoctonia has been known

to botanists in Europe since 1855; and we are indebted to Pro-

fessor Karl von Tubeuf, of Berlin, for material of that fungus.

It is .improbable that the American form is identical with the

European. However, the disease found by Pammel^ in Iowa

may be the same as the one which we find in New York.

ON THE CABBAGE AND CAULIFLOWER,

{Brassica oleracea.)

Specimens o? diseased cabbage seedings were received from

Cairo, 111., early in 1898. Among growers this disease is improp-

erly called black rot. Sometimes the disease affects very young

seedlings, and they are damped off by it, but it is more common

after the plantlets have developed one or two true leaves. In

'Pammel, L. H. Loc. cit.
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tlie latteT, ulcevatf^d areas at or below tbe surface of the soil often

characterize the disease. Plants set in the field are not known

to be affected. An examination of the Illinois material showed

that a Rhizoctonia was constantly, present in abundance, and

undoubtedly the cause of the trouble. RJiizoctonia has also been

found causing a disease of cauliflower seedlings at Geneva. The

plants were ulcerated at the bases of the stems, sometimes the

entire cortex having disappeared.

ON THE carrot/

(Daiicus carota.)

The hasty examination of a few carrot fields in August, 1900,

resulted in the finding of a few plants affected with Rhizoctonia.

In a field at Flint, N. Y., two specimens were found, and in

another field near Phelps, N. Y.^ about a dozen more. In every

case the plants were affected at the crown. The leaves were

all dead, their bases being rotted off and thickly covered with

Rliizoctonia hyphse. About half an inch of the upper portion of

the root was also rotten, but the disease showed no tendency to

run down the root. In some of the specimens there were indica-

tions that the rot had been initiated by ^ome larva boring into

the crown of the plant.

Kiihn^ and others have reported the occurrence of Rhizoctonia

on carrots in Germany, but we believe that up to the present

time there is no record of the occurrence of such a disease in

America,
ON the celery,

(Apium graveolens.)

Our knowledge of the occurrence of Rhizoctonia on celery is

confined to two cases in which it was the cause of a destructive

damping off of celery seedlings. Both of these cases we.e

observed in June, 1899. The first one occurred in one of the

Station greenhouses at Geneva, and the other in a greenhouse at

Poughkeepsie where celery plants were grown extensively. In

'Kiihn, J. Krankheiten der Kulturgewiichse, p. 224.
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the latter instance the owner stated that he had had much trouble

from damping off. In both of these cases Rhizoctonia was

undoubtedly the sole cause of the trouble. We are informed that

the damping off of celery seedlings is a common occurrence, but

thus far we have had opportunity to investigate only the two

cases above mentioned. _

ON THE COTTON.

{Gossi/pium hcrhaceum.)

The Rhizoctonia which is the cause of " sore-shin " or damping
off of cotton seedlings has not yet -been secured by us; but Pro-

fessor Atkinson has kindly put at our disposal drawings which

he made while studying this fungus in Alabama. He first

reported upon it under the caption
" sore-shin " in Bulletin 41

of the Ala. Agl. Exp. Sta. In describing it, he says:
" The

diseased portion of the plant is just beneath the surface of the

ground., and is characterized by a shrunken area of a dull red-

dish-brown col'or.
* * *

If the injury remains confined to the

superficial tissues^ the plant may, and frequently does, recover,"

The sterile fungus concerned with this disease was isolated, and

inoculation experiments demonstrated that the fungus secured

was the cause of the damping-off. The description of the fun-

gus in the above mentioned bulletin and the drawings which we

have, demonstrate beyond a doubt that the fungus is a form of

Rhizoctonia.

ON THE LETTUCE,

{Lactuca sativa.)

Since 1896 we have repeatedly found lettuce seedlings damp-

ing off by a sterile fungus; but it was not until 1898 that it was

particularly studied, or its affinities ascertained, and the fungus

located as Rhizoctonia. Lettuce seedlings affected by this fun-

gus hiave much the same appearance as seedlings affected by any

damping-off fungus. At or near the surface of the ground the

tissues become water-soaked in appearance, they are unable

longer to support the plantlet, and it falls prostrate on the sur-

face of the ground, the fungus soon invading all parts. This
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fungus under favorable conditions may wilt down and destroy,

within a day or two, whole boxes of lettuce seedlings. The dis-

ease is also readily induced by using pure cultures of the fungua

for inoculation purposes.

What is apparently the same fungus has been found several

times as a disease of maturer lettuce plants. After the presen-

tation of a preliminary report upon rhizoctonial diseases before

the Society for Plant Morphology and Physiology in New York,

December, 1898, we received from Mr. R. E. Smith, Amherst,

Mass., lettuce plants showing a severe rotting of the leaves.

There was no doubt about the characters of the fungus, and we

determined it for Mr. Smith as the Rhizoctonia of lettuce. From

the characters of the parasitic material, as well as from pure

cultures, we considered it identical with the damping-off fungus.

The specimens received showed no rotting of the stem, the

leaves being the seat of attack. On the older lower leaves the

leaf blades alone are affected; but the more delicate inner leaves

succumb entirely, blackening and decaying with the progress of

the disease. Hyphae^ of the fungus occurred scantily over the

leaf surface, and a short tufted growth might be found on the

inner side of the petioles. These tufts were brownish-white or

tawny in color and not so dark as the corresponding growth

in culture.

During the past winter this fungus has also been found by
Mr. Rolfs on greenhouse lettuce plants at Rochester.

Again, Atkinson^ found a form of the sterile fungus studied

by him in Alabama, causing damping-off of lettuce seedlings at

Ithaca.

Occurring, then, in such widely separated regions it is very

probable that it is a fungus very generally distributed.

'Compare Stone, G. E., and Smith, R. E. The Rotting of Greenhouse

Lettuce, Bulletin 69, Mass. Agl. Exp. Sta. (Hatch), p. lG-17, 1900.

'Atkinson, Geo. F. L c.
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ON THE potato.

(Solanmn tuberosum.)

Altliongh a Rhizoctonia^ disease ol potatoes has long been com-

ninn in Europe, especially in Germany, where it is known under

the names " Grind " and ''

Pockenkranheit," there isj so far as

we are able to ascertain, no record of the occurrence of Rhizoc-

tonia on the potato in America. Yet our observations indicate

that potatoes in the United States may- be quite generally in-

fested by a species of Rliizoctonia, as the subsequent discussion

will demonstrate.

The occurrence of this fungus upon potatoes was first brought

to our attention by Messrs. F. A. Sirrine and F. M. Rolfs, who

reported having found it on potato stems collected in the vicin-

ity of Jamaica on Long Island, In the latter part of July -the

writers visited Long Island and examined several potato fields

in the vicinity of Jamaica and Floral Park. A little Rliizoctonia

was found on the potato stems in all of the fields examined, but

it was impossible to determine whether the plants had suffered

any injury from its presence. Unfortunately, the potato tops

were nearly all dead at that time, the varieties grown in that

locality being almost all early varieties. A few tubers were

examined but nothing found. On this visit we also had the

opportunity of examining some diseased potato stems collected

on Staten Island by Miss Emma Sirrine, and found them infested

with Rliizoctonia. A few days later Mr. Rolfs found it at Matti-

tuck, Outchogue and East Hampton, in the eastern part of Long

Island. Here it occurred on late potatoes, and, in one instance

at least, there was good evidence that it had killed a consider-

able number of plants. It was also found at Wading River.

There has been much complaint about the premature dying of

potatoes on Long Island the past season. What part Rliizoctonia

played in this trouble is not certainly known, but probably it

was not an important one. Later, the Rhizoctpnia was found on

potato stems in many fields about Geneva, -Phelps, Lodi and Oaks

Corners.

'Rliizoctonia solani Ktthn.



Fig. 7.—Htphae of the Potato Rhizoctonia from
Drawing by Mr. Sirrine.

Fig. 6.—Rhizoctonia Fig. 5.—A Potato Tuber Showing the Sclerotia of the
sclerotia on a rhizoctonia. (% natural size.)

Potato Stem. (Na-
tural Size.)
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On August 3 while peeling some scabby potatces for potato

agar we observed that some of the so called ''

deep scab " ulcers

were filled with mycelium composed of rather coarse hypha?.

Microscopic examination showed the hyphse to be those of

Rhizoctonia. These tubers had been bought at a grocery in

Geneva. Other tubers were then obtained from other groceries

and also direct from potato fields in the vicinity of Geneva, and

it was found that Rhizoctonia hyphae are of frequent occurrence

in scab ulcers.

The next advance made was the discovery of the Rhizoctonia

sclerotia on the tubers and stems. On September 21 Mr. Rolfs

found, in a potato field near Geneva, a tuber bearing a few

sclerlotia of Rhizootonia. The following day the field was re-

visited and carefully searched. The crop had been harvested

several days earlier, and in the interval rain had washed the dirt

from such tubers as had been overlooked and also from the

stems of the plants which were left in the field. This facilitated

the search and we soon gathered about 30 tubers bearing sclero-

tia. See Fig. 5. Then we began looking for sclerotia on the

stems and had little difficulty in collecting about 25 good speci-

mens. One of these is shown in Fig. 6. Having once seen the

sclerotia on the tubers it was easy to find them on almost every

lot of tubers examined. We found them, oftentimes in great

abundance, on tubers offered for sale at the groceries in Geneva,

Poughkeepsie and Ithaca. A wagon load of potatoes offered

for sale at Ithaca was so completely overrun with Rhizoctonia

that it is doubtful if there could have been found in the entire

load a single tuber which did not bear one or more sclerotia.

Some of the tubers showed several hundred sclerotia each.

These tubers were of the variety Rural New Yorker No. 2; and

in other respects they were fine, being of large size and almost

entirely free from scab and rot. They were grown at Slaterville,

near Ithaca. A load of potatoes on the streets of Sayre, Penna.,

was examined and found to contain a considerable number of

tubers bearing sclerotia. We have also seen the sclerotia on

tubers grown at Mattituck and Cutchogue. Mr. A. D. Selby has
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sent us from Wooster, Ohio, potato stems and tubers bearing

Rhizcctonia sclerotia, showing that the fungus exists in that

State. Specimens have also been received from Prof. J. F. Dug-

gar, Auburn, Ala., Mr. F. M. Rolfs, Fort Collins, Colo., and Mrs.

F. C. Stewart, who found it at Bassett, Iowa. In short, during

the past season many observations on potatoes have been made

in different parts of New York State, and Rhizoctonia has almost

always been found in greater or less abundance. Moreover, it

occurs in Alabama, Colorado, Iowa, Ohio, and Pennsylvania, and «

is probably very generally distributed. Recently the sclerotia

have been found abundantly in the markets of Washington,

D. C, on New York and Michigan potatoes, and also to a slight

extent on one variety of potatoes grown in Maryland.

We have the following proof that the Rhizoctonia disease of

potatoes existed at Ames, Iowa, as long ago as 1890. In the

summer of 1890 Mr. F. A. Sirrine, at that time Assistant Bot-

anist at the Iowa Experiment Station, investigated a potato

disease which was doing serious damage on the Station farm.

He found the subterranean parts of the affected plants covered

with a certain fungus which he at once suspected of being the

cause of the trouble. He was unable to identify the fungus.

In the course of the investigation an important insect enemy of

the potato, the potato-stalk weevil, was discovered"^ in connec-

tion with the disease, and as it appeared that this insect was

responsible for at least the greater part of the trouble, attention

centered upon it and the fungus was allowed to pass into obliv-

ion. Fortunately, Mr. Sirrine made and preserved a camera-

lucida pencil drawing of the fungus. This drawing shows that

the fungus studied by Mr. Sirrine was undoubtedly a Rhizoctonia.

We have inked in the drawing, without altering it in the least,

and publish it herewith. See Fig. 7.

The Rhizoctonia attacks only the subterranean parts of the

potato plant. The hyph?e occur in the medulla, where they are

for the most part very slightly, if at all, colored, and on the out-

side of the stem and on the roots, where they are often light

'See Iowa Exp. Sta. Bull. 11:490.



Plate VIII.—A Late Stage of Rhizoctonia Beet-Rot, Showing the Cracking
AND Rotting of the Root.
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brown in colar. When the hyphge occur in scab ulcers, those

near the surface are brown, while the deeper-lying ones are color-

less.' The sclerotia on the stems and those on the tubers are

essentially the same. They are irregular in outline and vary in

size from a mere speck to the size of half a pea or even larger.

When dry they are dirt colored, and it is difficult to distinguish

them from particles of soil adhering to the tubers. This prob-

ably accounts for their having been so generally overlooked. But

when wet they become dark brown and very conspicuous, par-

ticularly on the light skinned varieties of potatoes. In spite of

vigorous washing, sufficient to thoroughly remove the soil from

the tubers, the sclerotia remain firmly attached. Two house-

keepers whose attention we have called to the* matter assure us

that they have long observed that when potatoes are prepared

for baking there are often found dark brown irregular bodies

which are exceedingly difficult to remove by washing. It is neces-

sary to use a scrubbing brush to get rid of them. We suspect

that these sclerotia are well known to many of the more observant

housekeepers.

The amount of damage done by the Rhizoctonia when it attacks

the subterranean stem and roots of the potato is as yet undeter-

mined, but that the fungus is, in some cases at least, a parasite

there is little doubt. Where it occurs on the tubers, all of our

numerous observations go to show that it is not injurious to

them. While the Rhizoctonia hyphse may be abundant in scab

ulcers there is no evidence that they have anything to do with

the formation of the ulcers. The sclerotia are usually seated

on the uninjured &kin of the tuber. A tuber may bear hun-

dreds of sclerotia and yet be absolutely sound. In this respect

our Rhizoctonia appears to differ from the European potato

Rhizoctonia. Some writers report that the latter is a common

cause of potato rot. In other respects the two forms are strik-

ingly similar. We are under obligations to Prof. Dr. Paul

Sorauer of Berlin for excellent fresh specimens of the European
Rhizoctonia solani, from which cultures for inoculation work have

been obtained,

8 N
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on the radish.

(Raphanus sativus.)

In the winter of 189S diseased radish plants of marketable size

were received from Saratoga, N. Y. The disease consisted of a

soft rot of the crown, or of large ulcerations in this region. As

a rule, the leaves were unaffected until a considerable portion of

the root had decayed. It was reported, however, that plants in

all stages of growth were affected and killed. It proved to be a

trouble of considerable importance with forced radishes, and

nearly half of the crop was lost from this disease. It spread

rapidly from plant to plant in the row, and from well-established

centers of infection. When the material was received, the tis-

sues surrounding diseased areas were infested with hYplrne of a

Rhizoctonia. These hyphse were also very abundant superficially,

growth being induced, perhaps, by the moist conditions under

which the plants had been kept. A culture of the fungus was

secured, and with half-grown ladishes'kept imder moist condi-

tions the disease was induced; but only a few plants were involved

in this experiment. Unfortunately, this culture was afterwards

lost, and it has not since been observed as a disease of mature

plants. Nevertheless, Rhizoctonia has been found occasionally in

the greenhouse as a radish damping-off fungus of slight import-

ance.

ON THE RHUBARB.

{Rheum rhaponticum.)

For several years a peculiar disease of rhubarb has been

observed on Long Island; but until the past season no satisfac-

tory cause of the ti'ouble was evident. During July several

rhubarb fields were visited in the vicinity of Jamaica, and in

many of these the leaves were dying rapidly, the plants being

in an unthrifty condition. There was little or no injury due to

the leaf-spot fungus Phyllosticta rJiei, and the trouble was evi-

dently of other origin. Affected leaves became dried and

shrunken in appearance, and soon fell to the ground. Where a

field was badly affected, the majority of hills would show the
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trouble to the extent of at least a leaf or two. In several in-

stances, apparently from one-fourth to three-fourths of the

leaves were already dead. Fields thus affected showed notice-

able injury even from a considerable distance.

Close by an affected field, or sometimes even contiguous to it,

might be found a field showing the trouble only to a very slight

degree. This may have been due to a longer culture of the

rhubarb upon one than upon the other area.

An affected leaf breaks off readily just beneath the surface of

the ground, and it was found that dead or prostrate leaves had

rotted off in this region. The general appearance reminded one

strongly of the effect of Rhizoctonia upon beets. There was very

little superficial mycelium visible to the unaided eye. Micro-

scopic examination showed hyphae of a Rhizoctonia both super-

ficially, and also immediately under the surface where the leaves

were rotting. No other fungus was at any time found abun-

dantly associated with the disease, and the Rhizoctonia was quite

constantly present.

ON ORNAMENTAL ASPARAGUS.

{Asparagus sprcngeri.)

In May, 1900, a florist on Long Island called our attention to

dead patches in a large bench of Asparagus sprengeri in one of his

greenhouses. The plants were dead and the leaves, which were

gray and dry, had a tendency to cling to each other. Closer

observation showed that the leaves were bound together with

brown threads which proved to be Rhizoctonia hyphae. The dis-

ease seemed to be unimportant, being confined to small areas

where the foliage was kept unduly wet by the dripping of water

from the glass above. The roots of the affected plants were not

examined. Pure cultures of the fungus have been secured.

Knowing that, in Europe, the garden asparagus, A. officinalis,

is affected by a Rhizoctonia^ root-rot we visited Mattituck, Long

Island, for the purpose of searching for the Rhizoctonia in the

extensive asparagus fields of that locality. Owing to unfavor-

^Rhizoctonia violacea TuL
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able weather the search was not as thorough as it should have

been, but we failed to find any indications of the presence of

Rhizoctonia on asparagus roots.

For excellent specimens of the European fungus on the last

named host we are also indebted to Prof Sorauer,

ON THE CHINA ASTER.

{CallistepJius hortensis.)

In the summer of 1899, Mr. Murrill received from a corres-

pondent specimens of diseased China asters. From his notes we

find that the plants presented a wilted appearance, but he ob-

served no fungus either upon branch or leaf. As described by

the gardener, the disease might well have been due to a

Rhizoctonia. An examination of a specimen preserved showed

that the lower part of the stem was considerably permeated with

hyphae of a Rhizoctonia. The fungous threads were also present

superficially, and small crust-like sclerotia had formed upon the

stem. There is as yet no further evidence that the fungus found

was the cause of the disease. A pure culture of the Rhizoctonia

was, however, secured, and the fungus will be tested.

During the present season, China asters collected by Mr. Rolfs

at Border City, N. Y., also showed a Rhizoctonia associated with

as jaster stem disease. Particular stress cannot be put upon this

matter until inoculation experiments are made, for there seems

to be at least one other stem disease of asters due to another

fungus.
ON THE CARNATION.

{DiantJms caryophyllus.)

The carnation is subject to a very destructive Rhizoctonia dis-

ease known to florists by the name of stem-rot. Affected plants

wilt suddenly, take on a gray green color, and are soon dead and

dry. The seat of the trouble is found to be in the stem at or

just below the surface of the soil. The cortex on this portion

of the stem is soft-rotten and separates readily from the wood.

The medulla is rotten and both medulla and cortex are filled

with the hyphae of Rhizoctonia. Not infrequently large, brawn,
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irregular sclerotia are found attached to the subterranean por-

tion of the stem and occasionally to the roots.

That Rhizoctonia is the cause of this carnation stem-rot has

been proven conclusively by inoculation experiments. with puro.

cultures repeated many times. Plate IX is from a photograph of

a carnation plant killed by artificial inoculation with a pure

culture of Rhizoctonia. It presents the symptoms typical of the

Rhizoctonia stem-rot disease.

This stem-rot '^ is one of the most troublesome of the carnation

diseases and probably occurs throughout the whole United

States wherever the carnation is grown. Frequently entire

houses of mature plants are destroyed by it. During the past

autumn it appears to have been unusually prevalent. It at-

tacks plants of all ages both in the field and in the greenhouse,

and is one of the principal causes of the damping off of carna-

tion cuttings. In greenhouse benches it spreads slowly through

the soil from one plant to another; but according to our experi-

ments never through the air, as from one bench to another. Its

principal mode of dissemination is by means of affected plants

and cuttings.
ON THE sweet WILLIAM.

{Dianthus barbatus.)

Since Rhizoctonia is an active parasite on the carnation, it is

to be expected that it attacks the closely related Dianthus bar-

batus, and such appears to be actually the case.

November 5, 1900, we had the privilege of examining a badly

diseased plat of about 1,600 plants of Dianthus "barbatus at

Queens, Long Island. In the course of the season about 90 per

ct. of these plants had died from a sort of stem-rot. Several

of the dead plants were not completely dry at the time of our

visit, so it was possible to get some^ idea of the nature pf the

disease and its cause. The symptoms were strikingly like those

'There Is a somewhat similar and destructive Fusarium stem-rot of car-

natious. See Sturgis, W, C, Twenty-first Ann. Rep. Conn. Agr. Exp. Sta.

(1897), 175-181; Prillieux et Delacroix, Gompt. Rend, de I'Acad. Science,
129: 744-745; and Stewart, F. C, Bot. Gaz., 72: 129^130.
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of the Rhizoctonla stem-rot of carnations. The leaves had a

sickly, yellowish color and were perfectly limp. The main stem

and its uumer(yus branches were soft-rotten at the surface of the

soil, so that when an attempt was made to pull an affected plant

it l)roke off readily at that point, leaving the main stem in the

ground and many separate branches in the hand. The basal

portions of these branches were disintegrated, the wood ele-

ments being separated from each other as if the tissues had

been macerated.

The rotting stems contained an abundance of Rhisoctonln,

various other fungi and nematodes, which latter are of course

expected to occur in tissue so much decayed. Although not yet

tested by inoculation experiments, the indications are that

RMzoctonia killed the plants.

It is of interest to note that the plat in which the plants were

growing had been planted with carnations in the season of ISflO,

and they are said to have suffered considerably from Rhizoctonki

stem-rot.

ON Coreopsis lamccolata.

Next to the plat of Sweet Williams above mentioned there

were two rows of Coreopsis lanceolata which, so the owner in-

formed us, had been considerably diseased during the summer.

Only a few of the plants were killed outright, but from many of

them the lower leaves had rotted away. The rot seems to start

in the base of the petiole where it comes in contact with the soil.

The decaying leaves were overrun with RMzoctonia, but what

relation the fungus bore to the disease can only be conjectured.

ON THE violet.

{Viola odorata.)

In October, 1899, two diseased violet plants were sent to us

from Little Palls, N, Y. Both of these plants showed RJdznctQ-

nia, leading to the suspicion that violets also are attacked by

this fungus; but when a personal examination of the afflicted

violet house was made, not another case of RMzoctonia could be

found. The trouble was caused by Glceosporium violw. More-
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Fig. 9.—Cells Enclosing Beetles on Trunk of
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over, the two Khizoctonia-infested plants were potted and placed

in one of the Station greenhouses where they thrived and never

after showed any ill effects from the presence of the Rhizoctonia.

About a year after this experience, interest in the violet

RMzoctonia was revived by Mr. Rolfs' discovery of a case of de-

structive violet stem-rot in a greenhouse at Geneva. Here the

affected plants were abundantly infested by Rhizoctonia. At

about the same time we found it on violets at Floral Park. The

plants were in small pots. Some of them had etem-rot^, while

on others only the bases of the petioles were rotten. The rotten

parts frequently contained Rhizoctonia.

Thus it appears that Rhizoctonia occurs not infrequently on

violets, but whether as a parasite or only as a saprophyte can

not now be stated.

other hosts.

In addition to the occurrence of Rhizoctonia as an apparent

cause of diseases of the host plants already mentioned, there are

several other plants upon which we have occasionally found this

fungus. For the sake of brevity, we will condense the observa-

tions upon these, and bring them together under a single head-

ing, deferring their more extended discussion until further ob-

servations and studies have been made upon them.

Rhizoctonia has been found on the roots and trunk of a dead

cherry tree from Wright's Corners; as a damping-off disease of

white pine and cucumber seedings; on damped off cuttings of

begonia, coleus, verbena, hydrangea, hardy candytuft, and mam-

moth sage at Floral Park, N. Y.; on mature plants of phlox and

pyrethrum at Floral Park; and on young plants of snap dragon

at Geneva, Mr. Rolfs has observed it on the raspberry, lamb's

quarters (Cltenopodium album), tumble weed (Amarontus alhus),

pigweed {Amarantiis rclrofiexits), and on decaying squash stems at

Geneva.

'Violet stem-rot is a complex rlisease not well understood. The fungus
ThU'kiria baslcola Zopf is general] j' accepted as being tbe cause of it. See

Thaxter, R., Fifteentli Ann. Rep. Conn. Agr. Exp. Sta. (1891): 1G6-1C7.
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parasitism op the pungus.

In many cases RMzoctonia is truly parasitic, and there can be

no question about its being the cause of the diseases with which

it is associated. The diseases of beet, carnation, lettuce, and

some others with which we have experimented may be readily

induced by merely placing in contact with the plant pure cultures

of the fungus; and in time infection will result, provided there

i« sufficient moisture. Infection results more readily with the

carnation by direct insertion of bite of the fungus into the plant.

In other cases where the fungus is associated with disease, we

have as yet no proof that RMzoctonia is the chief or even partial

cause of the trouble. It may sometimes be associated with other

fungi, perhaps Fusarium. Atkinson^ has indicated that the

sterile damping-off fungus of cotton may perhaps have a part to

play in the Fusarium disease of cotton, at least in initiating the

disease.

In spite of the fact that RMzoctonia is at times an effective

parasite, the fungus is probably capable of protracted existence

upon decaying organic matter in the soil. In this way it may
be able to propagate itself, and to spread from plant to plant in

the soil even when culture or other means fail to disseminata it.

In fact, it seems to be of very general occurrence in the soil, and

is likely to be quite commonly found in propagating beds as a

cause of damping-off among cuttings and seedlings. From our

experience thus far, we venture to predict that few forms of this

fungus will be found very selective as to host, and one may well

search for it upon the common weeds. The occurrence of this

fungus as a disease producing organism is largely dependent upon

the conditions, and when by excess of moisture or of heat the

plant is placed at a disadvantage, or the fungus favored, the dis-

ease is likely to occur.

*
Atkinson, Geo. F.: Some Diseases of Cotton. Ala. Agr. Exp. Sta., Bul-

letin 41, p. 28.
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MEANS OF PREVENTION.

Little can be said at present concerning special means of pre-

vention to be adopted for Rhizoctonia diseases. Plants growing

under the most favorable conditions of moisture, temperature,

and nutrition will probably show marked resistance to the attacks

of such diseases^ so that good sanitary conditions are of the first

importance. An excess of moisture and the presence of freshly

decaying plant products in the soil will unquestionably favor the

disease. Particularly in the propagating and forcing benches is

a ficquent change of soil advisable. The fungus grows well upon

acid media, and liming of the soil is therefore well; but this of

itself is not thoroughly effective. If the fungus should become

a serious pest in greenhouses, it may sometimes prove practicable

to sterilize the soil with steam or with hot water.



SPRAYING FOR ASPARAGUS RUST*

F. A. SiRRINH.

SUMMARY.

All three stages of asparagus rust appear in this State. More

than one stage can occur in the sarrie rift or sorus.

Cutting and burning early in the fall to destroy the rust is in-

jurious to the asparagus plants and is not recommended.

Thus far, in this State, no variety of asparagus has entirely

withstood the attacks of the rust.

In 1898-1899 a gain of 69.5 per ct. in yield, equivalent to a

financial gain of 94 per ct., was obtained by spraying; and in

1899-1900, under unfavorable conditions, a gain of 47.8 per ct.

in yield or 44.5 per ct. in value. In no case did injury to

the asparagus result from the use of resin-Bordeaux mixture.

A specially-constructed power sprayer was used to advantage

in our work. This sprayer met all the requirements of an ideal

machine, did the work more thoroughly and rapidly than couid

be done by hand, and also saved materials. It is not patented.

Probably such a machine cannot be built for much less than

|200. It is recommended that those who grow less than live

acres undertake the byilding of such machines only in coopera-

tion with others.

I. TESTS WITH RESIN-BORDEAUX MIXTURE.

INTRODUCTION.

Asparagus rust, Puccinia asparagi DC, has been more or less

prevalent in this State during the past five years. Each year it

Reprint of Bulletin No. 188.



New York Agricultural Experiment Station. 123

has reduced the vitality of the plants, until the growing of as-

paragus in the market garden section around New York City

ha^ been practically abandoned. In sections like the east end of

Long Island and Oneida and Madison. Counties, where the can-

ning factories take the larger portion of the crop, the growers

are tenaciously retaining their beds although harvesting a lighter

crop each year. The records of the Hudson Canning Company,

Mattituck, N. Y., show that the average yield per acre for sea-

sons prior to the outbreak of the asparagus rust varied between

1,500 and 2,500 bunches, while during 1899 and 1900 the aver-

age yield varied from 800 to 750 bunches per acre.

Some growers, however, are increasing their acreage, hoping

that the rust will not be as bad in the future; that some variety

will prove rust-proof; or that some other means of controlling

the disease will be found. That the first two of these methods

of relief are possible has been the opinion of several eminent

pathologists; but thus far no such conditions have been reached.

The rust, instead of abating, has been rapidly increasing in de-

structiveness; and no strictly rust-proof varieties have, as yet,

been found. It is true that in some sections the Palmetto

variety has been reported as being partially rust-proof; but it has

not proven itself so under the conditions found in this State. In

fact, it was one of the first varieties to be injured by the " cluster

cup
"

stage in 1900. Even the Argenteuil, which is being put

forward at present as rust .proof, succumbed to the attacks of the

rust during the past season. Whether it was as badly injured

as some other varieties cannot be said, as it was not observed

growing under field conditions.

.
In addition to resistant varieties, the following have been ad-

vocated as means of controlling the rust: Methods of cultiva-

tion and fertilization, burning, and even planting on heavy soils.

Spraying has also been suggested; but for reasons given furtlier

on, most writers on asparagus rust have held out but little hope

along this line.

The persistence of asparagus rust, with the evident ruining

of the canning industry, if not of the culture of asparagus as a.
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money crop, by its attacks, not only in this State but also in

other sections of this country, convinced us that it was necessary

to determine definitely whether there could not be found some

method or combination of methods by which this trouble can be

controlled. It was also desirable to determine whether such

methods could be put to practical use by the growers of aspara-

gus. Some practical results have already been obtained and, as

delay means additional loss each year to growers, the following

preliminary report on the work is given.

HISTORY AND DISTRIBUTION OF THE RUST.

Asparagus rust has been known in Europe for nearly one hun-

dred years_, although English writers on asparagus culture do not

mention its occurrence in that country until about 187G. Barnes

and Bobinson^ state that its attacks on the part above ground

have an unfavorable effect on the roots, checking their develop-

ment. This causes a material reduction of the yield the succeed-

ing spring owing to the premature ripening of many of the plants.

Although the above writers were not positive regarding the

nature of the disease, they were sure of its dangerous character

and recommended that growers be careful to prevent its spread

or its importation into districts that were free from it.

Although asparagus growers on Long Island and in the vicinity

of Cape Cod believe they saw the effects of the asparagus rust

in their fiel
'

^ as early as 1895, it was practically unknown in this

country until 1896. In that year Dr. Halsted^ announced the

occurrence of an outbreak of the asparagus rust in New Jersey.

This announcement led to the discovery that the disease was

already established in the asparagus fields of Delaware, Long

Jaland and New England. Since 1896 it has been very destruc-

tive in these localities and has spread south into the Carolinas

and west to Kansas, Iowa and Wisconsin.

/Asparagus Culture, p. 22.

*Halsted, B. D. An Outbreak of Asparagus Rust. N. J. Agr. Exp.

Stas., Circular, Sept. 18, 1896.
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How and when the rust was introduced into this country is not

known. It is possible that it was imported from Europe on plants

or with a seed' a number of years prior to its discovery and, like

the gipsy moth, required several years to become well enough

established to be noticed. Although it ia not known for how

long a period the spores of the rust can withstand the drying

effect of the wind, there is little doubt that the latter is one of

the principal agents in distributing the rust over the country. It

has certainly spread over a larger extent of territory during the

past few years than would have been possible through distribu-

tion of the spores on asparagus plants and seeds,

DESCRIPTION.

Asparagus rust has been frequently described during the past

few years; and its wide distribution makes it a well-known dis-

ease; yet it is deemed best to repeat briefly some of its charac-

teristics as a basis for clear understanding of the experimental

work herein reported.

It is a parasitic plant, or fungus, growing within the asparagus

and absorbing the juices which should go to build up the tissues

of the latter. The portion of the rust plant which we see and

which gives it its name, is simply the spores, or seeds, of the

fungus. These are formed beneath the epidermis, or bark, of the

asparagus plant, causing this epidermis to lift and form pustules

which, in two stages, produce slits or rifts. All are called sori.

(See Plates X and XI, Figs. 1.)

The rust has three rather distinct stages or forms of growth.

All three can occur on the same plant and frequently more than

one form occurs at the same time.

Mcid/ial stage.
—The first form, known as the eDcidial or "

clus-

ter-cup
"
stage (see Plate X, Fig. 1), and sometimes called the

*^
spring form " of the rust, is not usually distinguished from the

second stage by growers of asparagus. It makes its appearance

•p. H. Rolfs has reported finding the rust spores adhering to the aspara-

gus seed. S. 0. Agr. Exp. Sta. Rept. 1899, p. 17.
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upon eeedlmg beds and old neglected beds, as well as upon vol-

unteer asparagus, on Long Island about the first of June. In the

above section where ridging is practiced this stage is rarely seen

on the cutting beds, but as seeding beds and neglected beds are

always plentiful there is an abundance of the spring form.

In this first stage the spores are formed in cup-shaped pus-

tules. These pustules or cups are grouped in clusters; hence

the name of "
cluster-cup." Examination with a lens shows

that the cups are often of two kinds, associated together. Those

of one form are called spermogonia, while the others, in which

the spores are borne in bead-like chains, are called secidia (see

Plate X, Fig. 2, a and 6). These cups are frequently arranged

in oval and spindle-shaped groups upon the stem as shown in

Fig. 1, Plate X, but nearly the same shapes are assumed by the

other stages of the rust, hence this cannot be given as a definite

characteristic. The cups never show as rifts or slits as do the

later stages. At first they are greenish-yellow in color, but as

they mature they change to an orange-yellow. Sometimes the

cluster of cups shows only watery pustules; these are the sper-

mogonia. In June, 1000, this stage was more prevalent on Pal-

metto seedling beds than on any other variety.

Uredo stage.
—The second form, commonly called the " sum-

mer "
stage and " red-rust "

stage, is the one usually first noticed

by growers. It is in this stage of growth that the rust increases

and spreads most -rapidly, and apparently does the greatest

amount of damage. In this form the epidermis, or skin, of the

asparagus appears to be covered with slits and rifts from which

red granules or spores are exuding. These rifts are often

grouped in oval and elliptical clusters on the stems, as in the

first stage; but, instead of being cup-shaped pustules, they al-

ways occur as slits in the bark. It is this stage that gives the

asparagus fields their peculiar brown color in such a short in-

terval of time, and coats machinery and workmen with a red

dust. The spores are one-celled, smooth, rather thin-walled and

of a reddish-brown color (see Fig. 3, u, Plate XI).
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Teleutospm'e stage.
—The last stage is frequently called tlie

" black " rust and " winter "
stage. To the unaided eye there is

no difference except in color, between this and the second stage.

Close examination will show that tlie rifts are filled with dark

brown spores whicli do not rub off and scatter as easily as the

red rust spores. These winter spores are two-celled, are larger,

and have thicker cell walls than those of the red rust (see Fig.

3, t, Plate XI). They are always formed whenever the vitaMty

of the asparagus plant is reduced or its growth checked, no mat-

ter what the season of the year, whether early June or late

October. According to Dr. Halsted^ all three stages can occur

at once on the same plant. It is supposed that these spores

do not germinate until the following spring, at which time, if

they succeed in getting a foothold on a young asparagus plant,

they soon produce the first stage.

It is not known that it is absolutely necessary for the rust to

pass through the three different forms named each year, or

through any two of them. The last two forms may occur in the

same rift or sorus, being produced by the same vegetative por-

tion, or mycelial thread, of the fungus (see Fig. 2, Plate XI);

possibly all the forms may be produced in the same way. All

three forms certainly occur in this State: the first is found prin-

cipally during the month of June; the second occurs during the

latter part of June, and throughout the months of July, August,

September and October; the third follows the second as soon

as the asparagus commences to lose its vitality or begins to

mature.

•Bui. Torrey Bot. Club, 24:509, 18d7.
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EXPLANATION OF PLATES FOR ASPARAGUS RUST.

Plate X, Fig. 1.—^cidial or ^^

clnster-cujp^^ stage of Pucoiiiia

asparagi showing sori made up of clusters of cup-shaped

pustules. Magnified 3 diameters.

Fig. 2.— Cross section of one of the so7'i of Fig. i, shoiving

{a) spermogoniuni^ {bh) cccidial cups; one Irokevi, with

spores escaping^ also one not broken open. Magnified 25

diameters.

Plate XL Fig. 1.— Uredo, or "red-rust" stage of asparagus
rust showing form, of S'jri, or rifts in the hark of the

asparagus stein. Magnified 2 diainete7's.

Fig. 2.— Cross section of cue of the sort shown in Fig. i,

(w) uredospores^ {t) ieleuto^'^pores. Magnified 76 diamcttrs.

Fig. 3. — Uredospores and teleutosporcs. Magnified 75

diameters.

Plate XI L Oeneral view of asparagus field sprayed fall of

IS'98, showing sprayed 'belt on the right. Taken Sept.

27, 1898.

Plate XIIL Nearer view of field shoion in Plate XII.

Plate XIV. View of field sprayed 1899 and 1900., showing

alternate rows sprayed. Taken S(pt. 15., 1900.

Plate XY. Field shomi in Plate XI Vy looking across rows.



Fig. 1.

Plate X.—Gross and Microscopic Characteristics of Cluster-Cup Stage of
Asparagus Rust.
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METHODS OF CONTROLLING.

BURNING.

One of the first methods suggested by writers for checking the

spread of asparagus rust was burning the affected brush. In

fact this has been the principal method recommended by Euro-

pean writers such as Zimmerman,^, Frank^ and Abbey'^. At first

Dr. Halsted^ recommended the same treatment. Drs. Sturgis^

and Stone^*^ followed Dr. Halsted's advice as did also Messrs.

Jones and Orton.^ In a later published work^^ j)^^ Halsted says:

^'At best, with these precautions, many of the spores will get

scattered upon the soil." Mr. Kinney^^, of Ehode Island, ques-

tioned the advisability of burning the brush in late summer;
and later Messrs. Stone and Smith"^* took a similar view of burn-

ing, stating that they had only recommended burning the in-

fected plants late in the fall when they were thoroughly dead

and dried out; and that they had never seen the slightest benefit

from burning the infected tops, while cases had been brought

to their attention in which actual injury had resulted from cut-

ting the tops and burning them in August. Following all the

above suggestions Dr. PammeP^ in a recent bulletin recommends

burning as undoubtedly the best method of preventing the rust.

There is no doubt that in some sections the above measure has

been abused. A few agricultural papers have recommended cut-

ting and burning the beds as soon as the rust is observed. As

a result some growers have followed the latter method with more

harm than benefit to their crops. In 1899 this was tested on two

"Atlas Pflanzen Krankheiten.

'Die Krankheiten der Pflanzen, p. 460. Breslau: 1880.

'Aspai-agii^ Diseases. Jour, of Hort., 1895, pp. 452-453, London.

'Garden and Forest, 9:395, 1896.

•Conu. Agr. Exp. Sta. Rept., 1890, p. 281.

"Hatcli (Mass.) Agr., Exp. Sta. Repts., 1896, p. 73; 1897, pp. 59-00.

"Vt. Agr. Exp. Sta. Rept, 1898, p. 201.

"N. J. Agr. Exp. Sta. Bnl. 129, p. 15.

"Rural New Yorker, 56: 658, Oct. 9, 1897.

"Hatch (Mass.) Agr. Exp. Sta. Bui. 61, pp. 14-15, 1899.

"Iowa Agr. Exp. Sta. Bui. 53, p. 66, 1900.

9
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acres of Columbian Wliito asparagus at Matlituck, New York.

On August 14, every epear of the asparagus was cut and removed

from the field, by the owner. Two weeks later a fairly good
stand of half-grown asparagus stalks covered the field. On Sep-

tember 7, this new growth was badly rusted, and by the first of

October it was as nearly dead as was the first growth previous

to cutting. As a result, the bed was so weakened that it had to

be abandoned in 1900. The author believes that American

v> liters never intended to recommend cutting early in the fall,

although in an article in Garden and Forest Dr. Halsted^'' says,
' The only safe thing to do whc^i a serious enemy like this is in

an asparagus field is to burn the plants even to the last scrap

tliat can be gathered up. Let this be done at once, for any delay

means the breaking up of the brittle, rusty plants, and a gener-

ous sowing of the sjiores upon the ground." Unfortunately

Long Island growers are not the only ones who have tested cut-

ting and burning too early in the fall.

In asparagus growing sections like Long Island where a large

amount of asparagus grows wild in hedgerows and neglected

fields, where also worn-out fields are allowed to run wild, it is

doubtful if cutting and burning even late in the fall will ever be

of much benefit. Even with a law compelling all growers to cut

and burn their beds in October, it still remains an open question

whether the spores which fall to the ground will not thoroughly

seed the field for another season.

In addition to burning Dr. Halsted" has suggested plowing

and the application of lime as a means of disposing of the scat-

tered spores which lie on the surface of the field. This method

may be worth a trial where level culture is practised, but would

be of little value where ridging is followed.

RESISTANT VARIETIES.

In ISOO Dr. Halsted^^ noticed that the Palmetto variety was

apparently not injured as much by the rust as some other varie-

'"Garihn and Forest, 9:3'J5, 1S9G.

"N. J. Agr. Exp. Sta. Bill. 129, p. 15.

-N. J. Agr. Exp. Sta. Rept. 189G, p. 409-^10.
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ties. A year later Mr. Kinney ^^
reported the same condition in

Rhode Island. During the past three yeans Dr. Halsted has re-

ported the Palmetto as showing Ices rust than other varieties in

New Jersey. As already stated, in 1900, recently-set Palmetto

plants were injured more by the spring stage of the rust than

were the Conover's Colossal plants of the eame age in the same

fielid. Similar conditions occurred on the fields of the Oneida

Community Limited, in Madison County, New York. In one

field containing several varieties, the Palmetto showed no ad-

vantage over the others. The fields on Long Island have been

watched every year since 1896 with the result that only slight,

if any, differences in favor of the Palmetto were to be noticed,

except that in some cases it did not succumb as early. Of course

there is a bare possibility that the Long Island growers have

a weak strain of the Palmetto variety. More frequently greater

differences would be seen in the same variety, apparently due

to such factors as age of the bed, situation with regard to other

fields and proximity of windbreaks. At present several other

varieties are being advertised as "rust proof." Undoubtedly

seedling varieties will be found which will succumb to the attacks

of the rust more slowly than others; but as the beds get older

or a little mismanagement exhausts them they will finally get

started downward and then go under. Hence at present we
would recommend that no one put too much faith in "rust

proof
"

varieties and expect them to resist the continued attacks

of the rust without some effort on the part of the grower to check

the spread of the disease.

SOIL CONDITIONS. '

Mr. Kinney,2o Botanist of the R. I. Station, says: "So far as

observed neither the character of the land nor the kind of fer-

tilizer used, nor the method of cultivation practised has had any
noticeable influence upon the development of the asparagus rust."

"^Rural New Yorker, 56: 658, Oct 9, 1897; also E. I. Agr. Exp. Sta. Kept
1S97, p. 320.

"Rural New Yorker, 5G:6rj8, Oct. 9, 1S97.
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Two jcars later Messrs. Stone and Sniith,^^ of Massachusetla,

say: "The injurious effects of the rust have been confined to dry

sandy soils possessing little capacity for holding water. Where

the soil is heavier, possessing more water-retaining qualities, the

rust has caused no perceptible harm." In a still later report'^

the same writers endeavor to show " the susceptibility of plants

growing in localities possessing soil with little water-retaining

properties." Their conclusions are based upon an extensive study

of the localities ailected^ also upon mechanical analyses of the

surface soils from ten different sections of the State where as-

paragus is grown. They also assert that the summer (uredo)

stage is limited in its distribution in Massachusetts and is found

only on those soils which are sandy and possess little water-

retaining properties, wihether they are located near the coast or

Inland.

In conclusion they recommend the selection of soils, for new

beds, which possess considerable water-retaining capacity, even

if such soil is not adapted quite so well for asparagus during

ordinary seasons. For old beds they recommend increasing the

soil moisture by ii rigation, by increasing the organic matter, and

by mulching.

Unfortunately nearly all the asparagus sections of Long Island

are situated in what Messrs. Stone and Smith have classed as

coast lands. A few fields are situated in the drift soils of the

terminal moraine, but for the most part they are situated on

drift and wash sands. The best of the soils are what are called

sandy loams. Differences due to what was considered the vitality

of individual plants, also to protection by timber belts, corn fields

and other windbreaks, have been observed. In no case in this

section have differences been noted which could be traced to soil

conditions. In many cases where the fields are situated on wash

sands the water-table is so near the surface that the roots of the

plants could easily reach the water; while the moraine soils often

have a depth of fifty to one hundred feet to the water-table.

"Hatch (Mass.) Agr. Exp. Sta. Bui. 61, p. 19, 1899.

"Hatch (Mass.) Exp. Sta. Ann. Kept., 1899, p. 190.
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Thus far the only dififereuces to be seen in the Long Island

fields were apparently due more to the fact that the rust got

started earliest on the sandy lands and then drifted to the fields

on the moraine soils. In all cases both the summer and winter

stages were always present. Of course the fact of the rust start-

ing on the low sandy lands may result from the influence of the

factors set forth by Messrs. Stone and Smith. As will be shown

further along we think a still different factor enters into the

above conditions.

About the middle of September the writer visited the aspara-

gus fields of the Oneida Community Limited and the surrounding

country in Madison and Oneida Counties. He was first taken to

a six-acre field situated in the bend of a stream, no point of

which was over eight feet above the lowest stage of the creek.

The surface soil of this field was called a clay loam, and was an

alluvial deposit formed by a bend in the stream. The original

banks of the stream consisted of a shaly clay and were some

thirty feet higher than the asparagus field. The variety of as-

paragus on this field was Moore's Hybrid. The only portion of

the field that was not entirely killed was on the tangent side of

the bend next the original bank of the stream. This bank was

covered with a vineyard and furnished a partial windbreak 'to

the southwest of the asparagus field.

The next field of thirteen acres was a new bed of Barr's Mam-

moth asparagus set the spring of 1900. It was situated a half

mile further down the stream, to the northeast of the first field

but on the high ground, about fifty feet above the stream. The

soil was a clay loam with a small amount of gravel intermixed.

At a distance this field appeared to be entirely free from the

rust
;
closer inspection showed that it was slightly infected with

both the summer and winter stages of the disease. The same

conditions on newly set fields had been noted on Long Island,

namely, that the rust did not attack them until late in Septem-

ber, but in all such cases the fields were isolated and surrounded

by woodland.

A third field of ten acres was next inspected. A small stream
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rnns thions'b the laltcr and joins the lai\2jer stream. Part of tlie

field had oncis been a swamp which had been drained and loamed

before setting to asparagus. In fact one portion of this field

showed a clay loam, another stiff claj-, another clay with shale

and cobble stones intermixed and still another was black muck

loamed on the surface. No portion of the field is over eight feet

above the water-table and over most of the field water could be

reached within five feet. On this field there were growing nine

rows of Palmetto and thirteen rows of Moore's Hybrid, the re-

maining rows being unknown varieties.

Only slight differences in the amount of rust on any of the

above vareties were noticeable, the best portions showing the

yellow-brown color of a badly rusted field. Both stages of the

rust were found here.

A member of the Company, Mr. Hinds, kindly drove me to

another field of fifteen acres located on higher ground. Tliis

field, consisting of Moore's Hybrid and Conover's Colossal, is

situated on a side hill, the top being about eighty feet and the

base fifty feet above the creek. The rows of asparagus are long

and straight, not following the contour of the hill. The soil is

a sandy loam with some clay and enough humus to make a black

sandy loam. Apparently the soil is the same in all parts of the

field. Abou»t one-third of the field consists of a new bed which

had been set two years but had not come into cutting. This new

portion is on the lowest part of the field, near the base of the hill.

The remaining two-thirds of the field are older beds which had

been cut for four or five years and at the same time had received

liberal applications of stable manure, 15 to 20 loads per acre

each year. This older portion covers the crest and upper half

of the side of the knoll. Aside from manuring, the whole field

had received the same cultivation the past year.

The asparagus on the top of this hill was so free from the rust

that we had to search some time before finding an infested stalk.

Following down the rows we soon came to a belt of yellowish-

green plants; here the rust was plentiful. A little further down,

the plants were all brown, with little foliage left, and still further
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down the hill on the new bed the plants were naked and gray-

black with Dariuca and the winter stage of the rust. As in all

the other fields both stages of the rust were found. The peculiar

belts of brown plants with little foliage, yellowish-green plants

with some foliage, and last the green plants showing very little

rust, all following the contour of the hill and not limited to the

new bed, were verv marked. If these belts had been limited to

the new bed and to only a small portion of the old bed adjoining,

all the conditions might be accounted for by assuming that the

rust had started early in June on the new bed and had gradually

spread to the older bed after the cutting season was over. If

the new bed had been so situated that prevailing winds could

carry the rust to the older portion of the field, the conditions

found could have been considered the result of the rust starting

early on the new bed and spreading in curves by aid of the winds.

As a matter of fact the rows run east and west, and the contour

lines of the hill extend from south to north northwest, the slope

being east northeast. The new bed is on the east end of the field.

The slightly rusted portion of the field was on the crest of the

knoll. Undoubtedly the rust had attacked the new bed early in

the season, but this would not account for the rust belts follow-

ing the contour of the hill and infecting the old bed on the north

side. It was said that the rust affected the field in the same man-

ner the previous year.

As far as known there are no tests showing that it is abso-

lutely essential for the spores of the summer stage of the rust

to have a nidus of water in which to germinate under natural

conditions. It is an assumed fact among pathologists that the

spores of all kinds of fungi, including the rusts, require drops

of water in which to germinate. Water certainly is required tj

germinate them under artificial conditions. If this is a correct

assumption, then the fact that an abundance of moisture had

been furnished for the germination of the rust spores in the form

of dewdrops, might account for some of the conditions found in

the above field. Now it is often observed that low lands and

those adjoining streams get heavier dews than does the high
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ground; also, that air currents affect the distribution of the

dews; that is, dews are not evaporated as rapidly on the wind-

ward side of a hill. Although the base of this field is as high as

any of the fields of the Oneida Community' Limited yet the land

adjoining it on the northeast is low and moist. All these condi-

tions indicated that dews might have had more to do with the

fostering of the rust than had any other condition, such as culti-

vation, fertilization, soil conditions and varietal differences,

which man could furnish. Taking the conditions as they were,

it appeared that dews had been the principal fostering agent in

the fields of the Oneida Community Limited, the only exception

being in the case of the new field of Barr's Mammoth. This field,

as stated, is about fifty feet above the stream and nearly level.

In addition it is open to wind currents from all directions.

The supposition that fogs and dews have more to do with the

varying conditions found regarding the rusting of asparagus

fields applies in all cases on Long Island. It is a common occur-

rence to have a week or ten days during each month of the fall

on which the sun is not seen until 10 a. m. The low grounds

always get the larger portion of these fogs.

Although Messrs. Stone and Smith do not state whether the

fields examined by them were on high or low ground, they give

the post office address of each locality. A study of the contour

map of the State of Massachusetts shows that four of these

localities are less than one hundred feet above sea level
;
that is,

they are in sections which are reached by sea fogs, while a fifth

locality is in the valley of the Connecticut River. From what

has been observed regarding conditions in this State it would

seem as if the factor of fogs and dews might play an important

part in the conditions found in the State of Massachusetts.

SPRAYING.

From the fact that all the true rusts which attack plants are

internal parasites, that is, they grow and develop within the plant

and do not show themselves on the surface of the plant until

mature enough to form their spores, writers on plant diseases
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have iiot considered spraying a very practical nor promising

method of preventing tke rust. In the special case of asparagus

which has dense as well as very smooth foliage, spraying is a

much more difficult task than is the spraying of many other

plants. Still another difficulty which some have set forth as a

disadvantage in asparagus spraying is the lack of suitable

machinery to do the work on a large scale. In addition to the

above factors the preliminary work done by Dr. Halsted^^ showed

an advantage from spraying of only about 20 per cent, and more

recently Dr. Halsted^^ has reported injury to asparagus from

spraying. Basing their conclusions upon these results, combined

with the difficulties to be overcome, several writers have ques-

tioned the advisability and economic value of spraying.

EXPERIMENTS ON LONG ISLAND, 189&-'99.

The results given by Dr. Halsted were based upon estimates of

the percentages of rusty plants on sprayed plats and on un-

sprayed plats, a difficult method in the case of asparagus with

its deree foliage. It appears that a much fairer method would

be to select a cutting bed which is old enough to be in its prime,

and determine whether any difference in yield by weight could

be obtained as a result of spraying. Furthermore the persist-

ence of the rust each year together with the resultant weakening

of the beds and a decreasing yield as shown by the records of the

canning factory, called for vigorous measures of some description.

Hence in 1898 arrangements were made with Mr. Arthur L.

Downs25 of Mattituck, N. Y., to spray a portion of one of his

Columbian White asparagus fields.

As this work was started too late in 1898 to carry out that

year all the details required for a complete experiment, a trial

"N. J. Agr. Exp. Sta. Bui. 129, also Kept. 1898, p. 345.

"N. J. Agr. Exp. Sta. Kept. 1898, p. 345, also Kept. 1899, p. 410.

"^At the time, we were conducting some illustrative field work on pickle

spi-aying on Mr. Downs' place, hence we had apparatus and materials

handy for spraying of asparagus. Furthermore Mr. Downs is a practical

and reliable farmer, a graduate of Cornell University, and a man inter-

ested in doing good, careful work, especially in experimental lines.
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strip of three rows, one-fifth acre, was sprayed. The principal

object of this test was to determine whether a resin solution

could be used to advantage for making the Bordeaux mixture

adhere to the foliage of the asparagus and at the same time not

injure it.

NOTES.

The three rows were sprayed three times—August 5, 17, and

September 1, one barrel of the resin-Bordeaux mixture-^ being

u ed in each application. On September 9, a slight difference

between sprayed and unsprayed rows could be seen. The un-

sprayed portion was stripped of its foliage and all dead by Octo-

ber 7; the sjirayed rows held most of their foliage until killed by

frost. Plates XII and XIII, taken September 27, show only

^"Kesin-Bordeaux mixture was prepared by first making tlie Bordeaux

luixlure in the nsnal way, tlie l-to-8 formula being used nnd tlie aniuunt. of

lime being determined by test; after Avliieh two gallons of stock solution

of resin was added to every 48 gallons of the Bordeaux mixture, the whole

bi'ing stirred. By testing it was found best to dilute the stock resin solu-

tiijn with 8 parts of water before adding it to the Bordeaux mixture, that

is, in preparing a .50-gallon barrel of mixture, the copper sulphate and

lime were diluted enough to make 40 gallons after which 2 g.illons of

stock resin solution was diluted to 10 gallons, then added to the Bordeaux

mixture.

The formula for preparing a stock solution of resin has been given in

Bulletin 144 of this Station, but for convenience it is repeated here. The

proportions are as follows:

Resin r> lbs.

I'otash lye 1 lb.

Fish oil 1 pt.

Water 5 gals.

In preparing large quantities of the rosin solution it was found iiii neces-

sary to follow all the preciutions given in Bulletin 144; also that it could

be prepared more rapidly by simply placing the oil ;nid resin in the kettle,

heating them until the resin was dissolved, then remove kettle from fire

and allow the mass to cool slightly after which the solution of lye is .'uld.d

slowly, the whole being stirred while adding the lye. After adding tlu!

lye the kettle should be again j)laced over the fire and the required amount

of water added. The wliole should be boiled until the solution will mix

with cold water, forming an amber-colored solution. Care should ahvaj's

be taken fo jjave the resin inid oil cool cufjutrh so that when the solution uf

lye or tlie water is adih li, liic w Imlc m.iss will iitjt l)iiil over and c.-ilcli lire.
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partially tlie apparent dilTereuce beUvt on sprayed ami nusp.ayod

portions of tlie field. The mixture adhered to the plants well and

was not easily removed by rains. The main dillimilty eni'oumered

was to get the workmen to keep the nozzles constantly under

motion and at the same time reach all sides of the plants. The

least hesitancy meant drenchinj^ the foliage until the liquid ran

off in drops. Xo trace of injury to the foliage by resin-Bordeaux

mixture was found. The outfit used for the spraying consisted

of an '•

Ellipse
"
pump mounted in a barrel and carried in a two-

horse cart. Two leads of hose were attached and each workman

sprayed one side of a row at a time.

RESULTS.

In 1800, records in pounds and ounces of the cuttings from the

center, row, one-fifteenth acre, of the sprayed belt, and of an

adjoining unsprayed row, were kept. The first cutting was made

May C), and the last one on July 1. In all forty-five cuttings were

taken from each row, the amount of each cutting weighed sepa-

rately. The asparagus was bunched and sold to the ITudson

Canning Company at Mattituck, N. Y- Primes sold at 14 cents

and culls at 6 cents per bunch.

On three dates the cuttings from each row were bunched sepa-

rately. The weights of these cuttings, together with the num-

ber and value of prime and cull bunches, were as shown in the

following table:

Table I.—Chauacter and Yata^e of Yield of Unsprayed and Sprayed
Asparagus.

Yield
date. ill

1899. poiinils.

May 24 9.1

.Tuuo 9 9.8

Jimel9 10.8

UNSI'RAVED ROW.

BlNCHES.
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BPRAYED ROW.

Yield BuNCHiis. Valtjb.
DiTE. in ,

'
. ,

—V

1899. poiiiida. Priraea. Culls. Total. Piime.s. Culls. Total.

May 24 10.5 4.3 l-.O 5.3 $0.60 $0.06 .$0.0G

June 9 14.3 4.0 1.0 5.0 0.56 0.06 0.G2

Junel9 17.7 4.7 1.0 5.7 0.66 0.06 0.72

Total 4S.5 13.0 3.0 16.0 1.82 0.18 2.00

Average 16.2 4.3 1.0 5.3 0.61 0.06 0.67

AVERAGES.

Sprayed 16.2 4.3 1.0 5.3 $0.61 $0.06 $0.67

Unsprayed 9.9 1.8 1.2 3.0 0.26 0.07 0.33

Differences ... 6.3 2.5 —0.2 2.3 0.35 —0.01 0.34

Percentages .. 63.5 138.0 —16.0 76.0 134.00 —14.0 103.00

It will be seen from the above tables that the average weight

of a bunch previous to trimming is approximately 3 lbs. (The

cuttings were weighed before bunching; as a result the yield in

pounds includes the weight of trimmings.) As the yield in pounds

and ounces of the sprayed and unsprayed rows was kept the

entire season, the total number of bunches obtained from the

sprayed and unsprayed rows can be estimated. It can be shown

from the first section of Table I, that 61.1 per ct. of the total

average number of bunches for the three cuttings on the un-

sprayed row are primes, also that 38.9 per ct. of these bunches

are culls; while from the second section it can be shown that

81 per ct. of the total average number of bunches for the three

cuttings on the sprayed row are primes, and the remaining 19

per ct. are culls.

By first estimating the total number of bunches from the total

yield of each row, then from the total number of bunches esti-

mating the number of prime and cull bunches, and arranging

these in a table together with the total yield, the difference

between the sprayed and unsprayed row for th© entire season

will be as shown in Table II.



New York Agricultural Experiment Station. 141

Table II.—Total Yield and Value of Sprayed and Unsprayed

Asparagus, 1899.

Total Bunches. Value.
yield iu

pounds. Primes. Culls Total. Primes. Gulls. Total.

Sprayed row 438.2 118.6 27.4 146.0 ?16.61 $1.64 $18.25

Unsprayed row... 258.4 53.0 33.0 86.0 7.42 1.98 9.40

Differences 179.8 65.0 —5.6 60.0 9.19 —0.34 8.85

Percentage of gain 69.5 123.75—17.0 70.0 123.75 —17.0 94.00

Table II shows: First, that the total yield by weight, and by

bunches, of the sprayed row was nearly three-fourths more than

that of the unsprayed row; second, that the prime bunches from

the sprayed row were more than double the prime bunches

obtained from the unsjjrayed row, while the culls from the un-

sprayed exceed the number of culls obtained from the sprayed

row. The same conditions hold in values. These results are

more marked when expressed in percentages. It should be

remembered that each row represents one-fifteenth of an acre;

from this it can be estimated that the total gain in value from

spraying an entire acre would have amounted to |132.75.

The results brought out in the foregoing tables show distinctly

that spraying asparagus to prevent the rust (was not only a

decided benefit to the sprayed rows but also to the grower, the

value received for the increased yield being more than double

the cost of spraying.

At the time of selecting the above field the growth was too

young to show any appreciable difference in the rows. The

three side rows were chosen as they could be reached with long

leads of hose from the side of the field and in this way avoid

driving over them. Later in the fall the indications were that

the three sprayed rows had been in better condition previous to

spraying than any of the unsprayed portion of the field. This

difference may all have resulted from the spraying. In order to

eliminate the advantage which outside rows usually show, the

middle row of the sprayed belt was selected for keeping record
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of yi(?J(l. Ucncr* the reKiilts as kIiowh should reprfKfnt approxi-

mately what can be done by spraying under favorable eonditions.

The fact that the area used as a ba«i8 was small, allowing fac-

tors of error to be exaggerated, lessens the value of the results

as a whole, therefore conclusions as to the value of spraying

should not bo based upon these alone.

EXPERIMENT ON LONG ISLAND, 1800 1000.

As the field, a portion of which was sprayed in the foil of

iSiiS.'was not uniform in growth in all its parts, another field

containing 15 rows, 408 feet long, set C feet apart, was selected.

The conditions and treatment of this field are as follows: The

field contains thirteen rows of Columbian White and tv/o rows

/)! Conover's Colossal, the whole having been set the spring of

1893. A new bed of Palmetto joins it on the north. The field is

on the terminal moraine, the soil being a sandy loam. High

grade fertilizers have been applied each >t-ar at a rate varying

between 1500 and 2000 lbs. Home seasons the whole of the

fertilizer was applied early in the spring after wliich the field

was either plowed shallow or goiie over with tli'; disc harrow.

Generally the last week in April two furrows are thrown to the

rows after which the "ridger" is started and run every Katur-

day throughout the cutting season. Before each ridging the

cultivator is usually run between the rows to loosen the soil.

At the close of the cutting season, usually July 1, the ridges are

plowed down and if all the fertilizer was not applied in the

spring the remainder is put on after "plowing down." During

the summer and fall growing season the field is cultivated every

week or two until the ground is cov(;n.'d by the growth of aspara-

gus tops. Usually the old tops are not removed until the fol-

lowing spring.

The plan followed was: First, to determine the yielding capa-

city of each row of Ihe entire fi'l'] previous to spraying, by

weighing each cuffing; second, to spray fhe growth on r-iich

altf^rnate row during tlu; fall; and third, during the next season,

to weigh each cutting from each row as in the previous spring.
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Tlio cutting on this field was begun May 6, ISOO, a total of

foil V tivo cuttings being made in each row. The amount taken

from each at each cutting was weighed separately and a record

kt'i.t of the weighings. In this way we obtained the yielding

capacity of each row. It was found that the rust had redut-cd

the vitality of the Held until it was yielding very lightly. The

last cutting was made July 1. after which the field was plowed

down and allowed to grow. On July 28, the spraying was coni-

menci'd. every other row being sprayed. The odd numbers were

spiayed, the even numbers being left as checks, as shown in the

following chart:
KOl^ in

I'aliuetto

o
o_
a

33
e

? »" "

^
*

p.
— CO

Rows 108 ft. loiiff.

Coil over's Colossal

SOl'TH

The 1 to S formula Bordeaux uuxture with resin solution added

was used as in (he fall of 181)8. In all. five applications were

made, the dates being July 28, August 10 and 26, September

() and 11.

NOTES.

The rust (summer stage) showed on the uusprayed rows

.Vugust 1!>, and by August 21, had sprt>ad to all parts of these

rows. They were killed by Se]>UMnber 10. The sprayed rows
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remained green until the middle of October, but observation

showed that it was only the growth made between July 1 and

August 10 that survived the attacks of the rust until October

15; that is, a growth that was completed, hardened, and thor-

oughly sprayed before the rust struck the bed. All the new

sprouts which came up in the sprayed rows after the rust ap-

peared in the field were destroyed. There were two and possibly

three of these periods of late growth, namely, about August 15

and September 15. As in tests of 1898, the asparagus foliage

was not injured in the least by the resin-Bordeaux mixture.

Tests in laboratory showed that the solution of copper sulphate

could be neutralized by the use of the resin solution alone, but a

mixture of resin soap resulted which would have been impossi-

ble to spray. Possibly the excess of potash in the resin solu-

tion was the neutralizing agent and not the resin itself. Which-

ever it was, this is certain : that by first making the Bordeaux

mixture with lime in the usual way, and then adding the stock

resin solution at the rate of one gallon to twenty-four gallons

of Bordeaux mixture, a fungicide was' obtained which has not

injured the asparagus foliage in the least during three seasons'

trials, namely, 1898, 1899 and 1900; furthermore, the resin solu-

tion aids somewhat in making the mixture adhere to the smooth

surface of the asparagus.

During 1900 the crop cut from all the rows of the test acre

was weighed as in 1899. As the fifteenth row showed a slight

advantage in yield (about 18 pounds) over the other rows pre-

vious to spraying, its yield is not included in the tables, although

it was sprayed, hence the sprayed portion was two-fifths of

an acre.

RESULTS.

The first cutting in 1900 was made May 14, and the last on

July 2, the total number of cuttings being thirty-eight. This

method gave us not only the yield of the sprayed rows before

and after spraying, but also the yield of the adjoining unsprayed
rows for two seasons.

The preliminary cuttings made in the season of 1899 brought
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out the fact that a factor of error was introduced in cutting

which affected the weights. This occurred as follows: The

method of ridging every Saturday favored the cutting of larger

stems, hence, of more primes, early in the week, but also more

pounds of waste when bunched. Toward the end of the week

as the ridges were worked down in cutting, careless cutters

would cut too short makiug more culls but at the same time

reducing the amount of waste iu pounds when bunched. Fur-

thermore, no two persons would get the same results in cutting,

nor would the cuttings of one person be the same before and

after a rain. Hence in 1900 the cuttings from seven sprayed

rows were bunched by themselves, as were also those from the

seven unsprayed rows, and a record kept of the bunches obtained

at each cutting. This gave us not only the total yield of primes

and culls in addition to total yield in pounds, from sprayed and

unsijrayed rows, but also the money value of the sprayed and

unsprayed crops. As in 1899, the primes were sold for 14 cents

and the culls for 6 cents a bunch. The following tables show

only summaries of weights. The records of the weights and

bunches of each cutting are too bulky to be presented in tabular

form.

Table III.—Yield of Sprayed and Unsprayed Asparagus.

SPP^YED.

Row Row Row Row Row Row Row
1. 3. 5. 7. 9. 11. 13. Total.

Lb». Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs.

1899 93.4 115.4 116.8 114.4 106.9 102.8 115.1 764.8

190€ 115.4 127.0 137.3 125.6 120.8 115.0 134.4 875.5

Gain 22.0 11.6 20.5 11.2 13.9 12.2 19.3 110.7

Percentages 23.5 10.0 17.5 9.8 13.0 11.8 16.8 14.5

UNSPRAYED.

Row Row Row Row Row Row Row
2. 4. 6. 8. 10. 12. 14. Total.

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs.

1899 104.4 114.2 110.6 116.4 109.4 110.8 105.4 771.2
lyOO 77.9 92.1 79.0 95.0 75.3 85.8 87.3 592.4

Loss 26.5 22.1 31.6 21.4 34.1 25.0 18.1 178.8

Porceulages .... 25.5 19.0 28.5 18.0 31.0 22.5 17.0 23.0

10
" ^ ' '~~~' "~"^

i
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GAINS AND LOSSES.

Rows Rows Rows Rows Rows Rows Rows
1 and 2. 3 and 4. 5 and 6. 7 and 8. 9 and 10. U and 12. 13 and 14. Tofal.

Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs.

Sprayed 22.0 11.6 20.5 11.2 13.9 12.2 19.3 110.7

Unsprayed 26.5 22.1 81.6 21.4 34.1 25.0 18.1 17S.S

Total gain 48.5 33.7 52.1 32.6 48.0 37.2 37.4 289.5

The first section of Table III shows the yield in pounds of each

sprayed row, also the total yield of all the sprayed rows before

and after spraying, together with the differences of the yields for

two years. This table shows a gain from spraying on every row,

and a total gain on two-fifths acre of 110.7 lbs., an average gain

of 276.7 lbs, per acre.

The second section shows the yield of each unsprayed row, also

total yield, in pounds, of unsprayed rows for two years, together

with the difTerences in yield. In every case these unsprayed rows

show a decreased yield the second year, a total decrease exceed-

ing the total increase of the sprayed rows in a ratio of approxi-

mately 3 to 2.

This method of showing the increased yield from the sprayed

row, and the decreased yield from the unsprayed row, does not

show the whole advantage of the treatment, at least in the way

generally followed. The sum of the increase and decrease as

shown in the third section of Table III, comes nearer the method

usually adopted.

By this method the total increase as a result of spraying two-

fifths acre will be 289.5 lbs., or at the rate of 723.75 lbs. increase

per acre.

The method usually followed to show the advantages or dis-

advantages of any method of treatment is to compare the yield

of the treated with that of the untreated for one season, as shown

in Table. IV.

Table IV.—Comparison of Sprayed and Adjacent Unsprayed Itows,

1900.
Tol,il

Pounds. Pounds. Pounds. Pounds. Pounds. Pounds. Pounds, pounds

Sprayed rows.. . 115.4 127.0 137.3 125.6 120.8 115.0 134.4 875.5

Unsprayed rows. 77.9 92.1 79.0 95.1 75.3 85.8 87.3 592.5

Gain 37.5 34.9 58.3 30.5 45.5 29.2 47.1 283.0

Percentages .,. 48.0 37.8 74.0 32.0 60.5 34.0 54.0 47.8
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This table shows that there is a gain in yield of the sprayed

over the uusprayed' rows in every case. The total gain on two-

fifths acre is 283 lbs., or at the rate of 707.5 lbs. per acre, an

increase of 47.8 per ct.

As a record of the prime and cull bunches from the treated arid

untreated rows was kept and the value of the bunches known,.the

results can be compared in values and bunches as well as in total

weights. Table V shows not only the total weights from sprayed

and unsprayed rows, but also the total primes and culls from

each, together with their values and their differences.

Table V.—Total Yield and Value of Sprayed and Unsprayed

Asparagus, 1900.

Total

yield in

poucU-i.

7 sprayed rows. . . . 875.4

7 uusprayed rows. . 592.4



148 Report op the Botanist of thb

age of tlie field was siicli that it ought to have been in its prime,

but previous attacks of the rust had injured it so severely that

the yield was only about one-half the average yield per acfe

throughout the Long Island asi)aragus section for the season, as

the records of the Canning Company show that the average yield

per acre for 1900 was about 800 bunchee. In reality the yield

of this field w^as only about one-third what a good field should

yield. As an outcome, with all the precautions taken to eliminate

uncertain factors, the resiilts obtained as a whole were not as

marked as were those in 1899. Some idea of the growth of

asparagus on this field can be obtained from Plates XIV and XV
taken the middle of September, 1900.

By giving the results as percentages the above conditions are

somewhat eliminated and the yields expressed in this manner

probably show accurately what can be done by spraying under

the most unfavorable conditions. These conditions w^ere: First,

a field with a low yielding capacity; and second, a field having

alternate unsprayed rows as a constant source of infection to the

sprayed rows. In addition it should be observed that the even

or unsprayed rows showed a slight advantage over the sprayed

rows in yield previous to spraying. See Table III.

With all these disadvantages to contend with, the increased

yield from spraying shows in percentages a gain in yield of 47.8

per ct., and in value 44.5 per ct. This amount can surely be taken

as representing what is to be gained from spraying alone without

the aid of any other measures or methods.

It can be shown that the average yield in bunches from the

Long Island fields the past year was between 750 and 800 bunches

per acre. The records of the Canning Company also show that

previous to the attacks of the rust the same fields yielded be-

tween 1,500 and 2,500 bunches per acre. It must not be assumed

that from the fact that spraying gave an increased yield of 45

per ct. over unsprayed rows lha( tlie average yield of SOO bunches

can be increased that amount. This percentage sim])ly means

that the yearly decrease in yield from the attacks of the rust can

be reduced 45 per ct. Yet a study of Table III would indicate
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that there was an actual iuirease in yield of 14.5 per ct. from

sjjrajing.

THE PARASITIC DARLUCA.

In 1898 Dr. Halsted-^ found a fungus known as Darluca filum

Cast., which is a parasite upon many rusts, attacking asparagus

rust.

This parasitic fungus has been so prevalent during the past two

years that most growers of asparagus are familiar with it. Its

abundance and the rapidity with which it spreads upon the uredo

or summer stage of the rust has led others besides growers to

anticipate remarkable benefitg from its attacks on the rust.

During the past summer (1900) Darluca attacked the secidial

stage of the rust about June 10. Ten days later all the rusted

asparagus stalks were covered with the Darluoa. Notwithstand-

ing the above condition, there was a severe outbreak of the sum-

mer stage of the rust on seedling beds about July 1, which was

immediately followed by the Darluoa. About the middle of

August as severe an outbreak of the summer stage of the rust

as has ever occurred in previous years appeared on the cutting

beds. This in turn was followed by the Darluca. The same con-

ditions were repeated again in September on the late watery

shoots of asparagus. All of these attacks of the Darluca were

followed by the formation of an abundance of the teleuto spores

or winter stage of the rust.

Cross sections of the sori or rifts of the summer stage of the

rust frequently show the condition illustrated in Fig. 2, Plate XI,

that is, the sori will be filled with the uredo or summer spores

w^hile beneath them a layer of the winter spores will be fornjing.

We have even found sori in which the uredospores were appar-

ently destroyed by Darluca while at the bottom of the sorus a

layer of evidently healthy winter spores would be found.

The formation of the winter spores of the rust on the same

plant where the uredo stage had been attacked by Darluca, com-

bined with the conditions shown in Fig. 2, Plate XI, all indicate

that the Darluca attacks the spores of only the iEcidial and uredo

"N. J. Agr. Exp. Stas. Bui. 129, p. 15.
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stages and does not mjure tlie vegetative portion or iliat which

answers as the root system of the rust. As yet it has not been

shown that the Darluca ever attacks the thick-walled winter

spores. Hence the indi(h(ions a*e that Darliwa will not exter-

minate the rust nor even act as a material check, especially where

a;4paragus is grown in large quantities.

Dr. Pammel-s states that Darluoa has more delicate spores than

the rust and is more susceptible to the spray of the fungic:ide.

During the past three years no appreciable difference in the

amount of Darluca, on sprayed plants which had become rusted

and on unsprayed rusty plants, has been observed.

CONCLUSIONS.

All three stages of the asparagus rust occur in New York State.

The first stage is usually found on seedling and neglected beds

only. The uredo and teleutospore stages can both be found on

the same plant at the same time whether it be June or October.

Furthermore both stages may occur together in the same rift or

sorus.

Cutting and burning too early in the fall is injurious. Late

burning admits of scattering of the spores, and combined with

this is the ever present fact of neglected fields and volunteer

asparagus as a source of infection; hence it is a question whether

burning is a profitable or even a practical method to follow in

combating asparagus rust.

Thus far no variety of asparagus has entirely withstood the

attacks of the rust in this State. In instances where one variety

has shown slight advantage.* it was questionable whether th.e

difference was not due to age or surrounding conditions instead

of to any inherent qualities.

Although Messrs. Stone and Smith assert that there is a

variation in the distribution and attacks of the rust due to differ-

ent soil conditions and that the uredo stage is limited to sandy

soils in Massachusetts, no such variations have been observed i-i

this State. Furthermore it appears from conditions found here

»Iowa Agr. Exp. Sta., Bui. 53, p. 64, 1900.



New York Agricultural Experiment Station. 151

that the factor of fogs and dews may play a more iiivpoilaiil [lart

in the distribution of the rust than' soil conditions.

The results obtained; in 1898-99 show conclusively, not only

in appearance of the sprayed and unsprayed belts, but also in

the yield, that spraying not only protected the asparagus from

the rust but in addition was a source of profit. Nevertheless, the

fact that the area used as a basis was small, allowing factors of

error to be exaggerated, lessens the value of these results as a

whole. Hence conclusions as to the value of spraying should not

be based upon these alone. The resin-Bordeaux adhered fairly

well and did not injure the asparagus in the least, although the

l-to-8 formula was used in preparing the mixture.

Observation brought out the fact that only the growth made

previous to the appearance of the rust on a field was protected

by spraying; that is, a growth that was mature and thoroughly

sprayed previous to the attacks of the rust. This observation

applies only to the field where every other row was a source of

infection. Furthermore it was observed that generally two and

sometimes three periods of growth occur in Long Island aspara-

gus beds, and for two seasons, 1899 and 1900, we have been

unable to save these late growths on the test field. Hence the

indications are that, even with spraying, the vitality of the

sprayed rows on this field will be gradually reduced.

As already stated the resin-Bordeaux mixture caused no ap-

parent injury to the asparagus. In fact no noticeable injury has

resulted from the use of the resin-Bordeaux mixture, used as

strong as 1 to 8 during three seasons.

It was found necessary to use between 250 and 300 gallons of

the mixture per acre at each spraying when applied with a barrel

pump. In addition it was ascertained that with an ordinary

barrel pump with two leads of hose three men could not prepare

the mixture and spray over three acres per day.

Thus far the results show that under the most unfavorable

conditions a gain in yield of nearly 50 per ct. can be obtained by

spraying, while under more favorable conditions a gain of nearly

70 per ct. in yield can result from spraying. Expressing the
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results in values^ under unfavorable conditions a gain of nearly

45 per ct. was obtained, while undar more favorable conditions

the gain was nearly 95 per ct.

Darluca filum has been abundant on asparagus rust for two

seasons and has been found attacking the ru&t in all its stages

except the black or winter stage. Thus far no apparent checking

of the injury caused by the rust, by the attacks of Darluoa on the

rus-t, has been observed; nor has any checking of the spread of

Darluoa by spraying been noticeable.

RECOMMENDATIONS.

Thus far the results obtained from spraying asparagus are

marked enough to warrant the recommendation of spraying with

resin-Bordeaux mixture in general as a means of controlling the

af^paragus rust.

It has been shown that on the test field, even with spraying,

the rust destroyed the late growths of asparagus, with a conse-

quent weakening of the plants. This in time would reduce the

yield below a profitable point and spraying would only add to

the expense of getting the reduced crop. Furthermore the work

done brought out the fact that spraying asparagus thoroughly

results in considerable expense and labor. Whether the cost of

spraying can be reduced cannot be stated until after further tests

have been made. Even without considering the latter factors it

is evident that spraying alone will not wholly protect the crop.

Whether varieties will be found which will resist the attacks of

the rust entirely, or whether cultivation and soil conditions will

prove a check to the attacks of the rust are factors still to be

proven. Hence in consideiation of all these facts, spraying should

be undertaken with the determination of doing it thoroughly; and

with the expectation that the rust will gradually r&duce the

vitality of the field even with spraying. Possibly the selection of

those varieties which show some resistance to the rust combined

with proper attention to cultivation and feeding of the crop,

including the use of vegetable matters with the fertilizers used,

will aid in preserving the vitality and do much toward obtaining

better results from spraying.
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Simply as an opinion, we will say that by spraying twice a

week we believe that young, rapid-growing shoots can be pro-

tected. That the apparent inability to get the mixture to adhere

to them is due to the rapid growth of the plants, a factor which

can be remedied by more frequent applications.

Spraying alone cannot be expected to be profitable on fieljds

already reduced to one-third their original yielding capacity, nor

can it be expected to revive such fields.

Basing a recommendation upon the results obtained combined

with observation and experience in spraying of asparagus, we

believe that it will pay all growers who have fields yielding 800

bunches and over per acre, to spray. In addition we would recom-

mend the planting of corn on all sides of the asparagus field as a

windbreak. Proper cultivation, fertilization and green manuring

or supplying humus in some other form, follow as common-sense

measures.

Where growers have a number of acres tO' spray we would

recommend the construction of a power sprayer similar to the

one described in Part II.

II. THE DOWNS POWER ASPARAGUS SPRAYER.*

INTRODUCTION.

In the chapter on asparagus rust it has been shown that spray-

ing asparagus is not an easy taisk. As has been stated, one of

the reasons set forth as a factor against spraying asparagus,' is

the lack of suitable machinery for doing the work. It was also

found to be a difficult matter for workmen to do the spraying by

hand with the thoroughness necessary to make it of much value.

In fact lack of thoroughness means complete loss of time and

materials, for after the rust gains a foothold within the plant,

spraying is of little value. Lack of thoroughness does not neces-

*As it is impossible for the writer ever to repay Mr. Arthur L. Downs,
not only for boai'ing part of the expense, such as furnishing wheels, tank

and truck, for the power sprayer, but for aid furnished in designing and

putting into working order the above named machine, it is proposed that

this be known as the Downs Power Asparagus Sprayei*.
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sarily result from any intentional neglect on the part oF work-

men, but from the impossibility of always reaching all parts

of a heavy row without drenching ?ome of the foliage so that the

liquid will not adhere. In the work for 1899 an outfit was used

consisting of a barrel pump fitted with two lead-s of hose and

requiring three men and a team to operate successfully. With

this equipment three acres is all that can be sprayed in a day if

the work be done with any pretense of thoroughness. Further-

more it was found that for full-growm, heavy asparagus between

250 and 300 gallons of Bordeaux mixture was required per acre,

when applied by hand machinery.

The expense is great in hand spraying, as a team and three men

are required to spray three acres per day; and the labor involved

in handling nearly 1,000 gallons of liquid is not slight. The treat-

ment must be repeated once a week for four or five weeks or

oftener while the aisparagus is growing rapidly; surely not an

encouraging prospect for aspaiagus growers who have five acres

and upwards, and especially for those who grow from forty to

sixty acres. In fact, with unfavorable weather, those with five

or six acres would need to devote the major portion of their time

to aisparagus spraying, with a bare possibility of saving 40 per ct.

of the crop.

The above factors, combined with the apparent success of our

work in the fall of 1898 and of 1899, led to the designing and

building of a power sprayer which it was hoped would do the

work more thoroughly and rapidly than was possible to do by

hand, the cost of the machine being a secondary matter. In order

to secure efficiency the following conditions had to be met:

For economy in time the apparatus should have a tank capacity

of at least 250 gallons; it must have a distributing capacity of

that amount per hour, as a team walking at its normal rate will

cover an acre of asparagus set in 6-foot rows in that time and

thorough hand spraying requires 250 gallons of Bordeaux mix-

ture per acre. The nozzles must be adjustable; as it is often

desirable to spray the asparagus when small and as the rows on

different beds are ^et at varying distances apart^ from 4 to 7 feet.
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The free space between the rows will aleo vary with the age of

the bed.

The mixture should strike the plant from all directions at the

same time without having the jets of spray conflict. Theoretic-

ally with a machine which would stop an instant at each plant,

this could be done by the employment of five nozzles to a row,

but in a moving machine the resultant direction of the jots of

spray requires the use of ten nozzles for efficient seryice. Later

it was found necessary to use twelve nozzles to a row, especially

on full grown, vigorous beds.

In addition to being adjustable it was desirable to be able to

elevate the nozzles from between the rows when turning around

at the end. It was found that thrifty plants, in rows six feet

apart, nearly covered the ground, hence it was essential to devise

a means for lifting the asparagus before the spray reached it.

This was necessary, not only in order to do the work thoroughly,

but also to prevent tearing the nozzles from their carriers.

With all these conditions to be met the machine descTibed and

illustrated in the following pages was designed and built. As

spraying may prove to be an aid to many growers in preventing

the asparagus rust, the following detailed description of the

machine and its parts is given, with notes upon some of the weak

points and suggestions for remedying them. The machine is not

patented and it is hoped that growers may make use of the ideas

and suggestions in the construction of machines of less cost, thus

lowering the expense of spraying.

DESCRIPTION.

THE TRUCK.

Several conditions had to be met in constructing a truck. The

height required to clear the asparagus is one factor. At first it

was thought that this could be disregarded by constructing a

narrow-tread machine which would go between the rows, but

such a machine would be difficult to get through the rows of full

grown asparagus, and could carry only a small weight of liquid.

These considerations led to the abandonment of this scheme. The

desirability of carrying a large amount of liquid, and the neces-
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sity of straddling the row led to the construction of a larger

truck with arched axles which would clear the asparagus without

injuring it. The sides of the arches were constructed of one and

one-half i-nch square iron, the latter being bent at top and bottom.

The top angles were flattened for attachment to an oak plate

which formed the top of the arch, while the bottom angles formed

the spindles for the wheels. The width ©"f space at base of these

archee is 4 feet 1^ inches, while at the top this space is 3 feet

6 inches. The slant height of front arch to arch-plate is 2 feet

5 inches; slant height of rear arch to arch-plate 1 foot 10^ inches.

Both arches were braced, each brace being 2 feet 6 inches long,

made from inch iron. The arch-plate clears a space of 4 feet. The

arrangement and sizes of parts of front truck are shown in Fig. 1,

Plate XVJI. As it would have been bad mechanics to draw all

the load from one point at top of the front arch, especially with

wheels which had a tread of 6 feet, a double-tree was attached to

the pole and then connected with the axle of each fore-wheel so

that enough of the load was drawn from the latter points to

remove all side wrench on the arch. (See Plate XX.) The arch-

plate of rear arch forms part of the whole framework and is

shown in Plate XVI. The tool box is shown only in photographs.

With the exception of the brake-bar, the 2x4 inch cross plate

at rear of frame, and the 2x3 inch diagonal plates which support

th-e carrier, all the wood parts are of oak. The brake-bar, the

diagonal carrier-supports, and the cross plates on which the

latter rest, are of pine. A clear space of 2 feet 11 inches was

allowed between the side plates. At points Hi, Plate XVI, three

half-inch iron plates are attached for carrying the upper half of

the fifth-wheel and serve as partial supports for the tank.

Across the rear end an oak plank 14 inches wide was bolted to

side-plates as a support for the pump. In addition a second

plank shown in Plate XVI was bolted to the above cross plank

and to rear arch-plate for attachment of fulcrum to clutch-brake.

The lengths and sizes of timbers are as shown in Plate XVI.

The wheels are iron, having 4-inch tires one-half inch thick, and

guaranteed to carry from 8,000 to 12,000 lbs. The rear wheels
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are 50 iuches in diaraoter. Tlio forc-whrels are 40 inches in di-

ameter. Tbej were obtained of the Electric Wheel Co., Quincy,

111.

tank:.

A half-round tank was obtained from Thompson, Habmar and

Fisher, Tonawanda, N. Y. It is made of If inch cypress, the top

cross plates being 2x5 inch oak. Dimensions 6 feet by 2 feet 9^

inches by 1 foot 9 inches, capacity 250 gallons.

GEARING.

The pump is geared to the left hind wheel by means of chains

combined with a eihaft and four sprocket-wheels. The large

sprocket-wheel, which is attached to the truck wheel, has a

diameter of 25 inches and bears 49 teeth. The small sprocket-

wheel on end of shaft is S| inches in diameter, and has 16 teeth.

The large sprocket-w^heel on shaft has a diameter of 17 inches

and carries 32 teeth. The small 8 toothed sprocket-wheel on

crank shaft of pump has a diameter of 5 inches. A " clutch-

gear
"

is attached to large sprocket-wheel on shaft. The size of

chain used is No. 45.

PUMP.

The selection of a pump was not an easy matter. It was neces-

sary to have a pump that would throw at least 300 gallons per

hour. Rotary pumxjs would meet the above requirement, but

these have usually been found short lived when used for pump-

ing Bordeaux mixture. The addition of the resin solution is hard

on single plunger brass pumps and would make matters worse

in the case of rotary pumps. No manufaeturers of single or even

double-plunger brass pumps would warrant their pumps to throw

300 gallons per hour, nor could any of them tell how high it

would be necessary to speed such a pump to make it throw the

required amount.

It was finally decided to test a single-acting triplex pump made

by the Gould Manufacturing Company, Seneca Falls, N. Y. This

pump was scheduled to make 50 revolutions per minute and

throw 360 gallons per hour. It had the disadvantage of having
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the water-box constructed ontirelj of iron; only cjiindcrs, glands

and plungers being of bronze or bronze lined. As manufactured

these pumps are geared back 5 to 1. All the gearing was re-

moved and a small sprocket-wheel attached directly to crank

shaft. This pump had the advantage over single-cylinder pumbps

of maintaining a nearly constant pressure without the aid of an

air chamber. The position of the pump and the method of con-

necting with tank and carrier are shown in Fig. 2, Plate XVII.

CONNECTIONS.

The pump used had 1^ inch suction and discharge hence 1^

inch connections were used throughout. The method of connec-

tion and arrangement of parts is shown in Fig. 2, Plate XVII.

The use of a style of shaft and gearing given later would per-

mit of the pump being placed nearer the tank and the use of

shorter nipples. The distance between the first gate-valve and

lock-out connecting to tank is 7^ iiiches. Tiie gate-valve, also the

Js, are standard trade lengths and sizes. A Y, with valve con-

nection as shown at h, Fig. 2, Plate XVII, was placed next to

the pump for two purposes. It is desirable to run clean water

through the pump without having to run it through the tank.

Furthermore it was necessary to arrange to drain the pump from

both sides. This T and gate-valve also allow of emptying the

tank through the suction pipe.

A shut-oflf valve was placed in main supply pipe at u v, for

the purpose of maintaining the pressure when the machine is

stopped, also to hold the liquid in the carrier. This proved to be

of little value. A T was used in connecting main supply pipe

with pump for the purpose of attaching a pressure valve and re-

turn overflow pipe. At the same time the latter ralve was used

as means of draining the outer side of the pump and the main

supply pipe. A power pump should be so geared that it will

give good pressure no matter how slow the teajn moves, hence

the necessity of a pressure valve to allow of pumping back into

the tank when the speed of the machine is increased. The pres-
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t^nro valve and retiiru overflow pipe, with connections, are 1

inch.

nozzle-carrier.

All the foregoing parts are simply necessary means to an end,

which any mechanic unfamiliar with spraying could easily have

designed. The mcst difficult problem of the whole machine to

work out was the nozzle-canier. In order to do the work thor-

oughly it is necessary for the spray to reach the plants from all

directions.

In a moving machine this must be accomplished by arranging

the nozzles to spray forward and backward from above and dia-

gonally forward and backward from the sides at both top and

bottom. At the same time provision must be made for treating

r-ows set different distances apart, also of varying widths, and

asparagus of different sizes, and for elevating the nozzles when

turning at the ends of the rows. The whole problem was finally

solved by the combination of union joints allowing shear motion,

and telescoping joints. The union joints are useful not only in

allowing of a shear motion but also to give direction to the noz-

zles.

At first it was thought necessary to have the telescoping joints

of ground tubing, and a carrier was constructed on this principle.

By trial it was found that ordinary iron sizes of brass tubing,

such as are handled by the trade, could be packed tightly enough

to prevent leakage and answered the purpose better than ground

tubing, as joints made with the latter soon became so gummed
with the resin solution as to be nearly immovable. The essential

parts of this nozzle-carrier are shown in Figs. 3 and 4, Plate XVII,

and most of the parts are self-explanatory. Fig. 4 connects with

Fig. 3 by means of a T shown at g. Fig. 3 shows one-half of

the carrier and connects with main supply pipe. Fig. 2, at y.

The number and arrangement of the nozzles are shown in the

various photographs which illustrate the machine as a whole in

different positions and at work. All the parts with which the

Bordeaux mixture comes in contact are constructed of brass.
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The unions are brass with ground joints and (liosc shown at w,

Fig. 4, which allow of the shear motion of the arms, are fitted

with set-screws to prevent unscrewing of the union. The hori-

zontal lengths of pipe shown in Fig. 3, were cut approximately

two feet long. The horizontal telescoping joints allow of closing

the carrier for four-foot rows, or of extending it for seven-foot

row*. The lengths of pipe which form the vertical supply pipe,

shown in Fig. 3 and Fig. 4, also those which form the arms, were

cut approximately 18 inches long. The telescoping of the arms

combined with the shear motion is an essential feature in adjust-

ing the nozzles for different heights and widths of rows. It is

still an open question whether the vertical telescoping joints

shown at f are of any real merit. One point is certain, the use'

of a telescoping joint in the vertical supply pipes which carry the

arms necessitates extra fixtures and adds to the weight. The

rods shown at r, Fig. 3, were provided to prevent twisting and

slipping of the arms on the above joints, but as these proved

more ornamental than useful for this purpose, an iron bar, shown

at 6, Fig. 4, was added. The latter prevents the twisting; it also

strengthens the leverage for lifting the arms when turning

around; at the same time it prevents sliding of the vertical joints.

By the use of the above bar, the rods shown at r, Fig. 3, are not

essential.

At first the elbow put out with the " Erin " nozzle by the Gould

Manufacturing Company, was used for attaching the nozzles.

These proved to be too weak for practical use so were abandoned

and eighth-inch ground brass unions substituted. By the use of

a short piece of bent tubing these unions gave nearly as much

freedom of direction as did the elbows. At the same time the

unions would turn before breaking or wrenching off, but could

be screwed tight enough to hold the weight of the nozzle.

The size of tubing used in arms was one-eighth inch, telescop-

ing into one-half inch, iron pipe sizes. The vertical supply pipes

consisted of one-inch pipe telescoping over three-fourths inch

pipe. The latter is not iron pipe size. The same dimensions
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were used for the horizontal telescoping sections. The use of

one-eighth inch tubing at end of arms together with one-eighth

inch T's and unions necessitated bushing the nozzles. The arms

are adjusted, with regard to position, by means of a sliding sleeve

attached to the vertical supply pipe. The motion is conveyed

by means of adjustable levers which connect with a clamp on

each arm. The sleeve is held in position by means of collars

provided with set-screws.

It has been stated that the utility of the telescoping joints

in the vertical supply pipes carrying the arms, is doubtful. This

does not apply to any of the other telescoping joints. The hori-

zontal telescoping joints not only allow of contraction and exten-

sion of the carrier for rows set different distances apart but also

serve the purpose of a hinge joint when the arms are lifted for

turning around. Those of the arms not only allow of lengthen-

ing of the arm but also prevent breaking or wrenching of the

carrier when nozzles are caught in the asparagus. This results

not only from the ability of the joint to twist but also to pull

out entirely, yet the joint can be packed firmly enough to prevent

leakage and shaking or falling out. In fact, the combination of

telescoping and union joints answers the purpose of ball and

socket, or universal joints.

The method of attachment of carrier to pump is shown in

Figs. 2 and 3. This connection serves as a partial support. The

carrier also rests upon the horizontal supports connected with

framework of truck as shown in Plate XIX, and upon an iron

brace shown at &, Plate XVII. The same parts are shown in the

various other illustrations. In addition it is anchored at points

6,^ V Plate XVII. These not only help to hold and steady the

carrier but also serve as guides when lifting and adjusting the

parts.

The brake for lifting the arms is anchored to the cross of the

main supply pipe at x, Fig. 3, Plate XVII, while the brake bar

is attached to lateral supply pipe as show^n in Fig. 4, o, also in

Plate XVI, 0. The work of this brake is shown in Plates XIX
and XX.

11
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It will be seen that the carrier of this machine is so con-

structed that after the first round it sprays two rows at a time,

or, rather it sprays one row completely and one side each of two

other rows. The reasons for constructing the carrier in this

way was, first, that it makes a balanced piece of apparatus.

Second, with a heavy machine, carrying such a weight of liquid

it was desirable to cover as many rows at a time as possible.

When it was desired to spray a single row caps were placed on

the ends of the outer telescoping tube of the outside arms.

LIFTERS.

Another feature, and one that was found necessary after the

machine had been put in working order, is the lifters or rakes.

These were found indispensable not only as a protection to the

carrier arms but also to lift the asparagus so that it could be

sprayed to better advantage. It is essential that the lifters

should be adjustable, hence the principle of telescoping was

again employed. It was found that rake teeth would injure the

asparagus the least, be the least in the way, and add the least

amount of weight. Two teeth were employed for each pair of

lower nozzles. As shown in Plates XVIII and XIX, they were

attached to horseshoe shaped pieces of iron, one tooth being set

ahead of the other; the object being to have the forward tooth

partially lift the asparagus, the rear one to lift it still higher

and hold it until the nozzles had passed. The horseshoe shaped

irons were attached to ordinary iron pipe, the latter serving as

an attachment bar, the sizes being 1 and 2 inches. This bar

was anchored to the rear end of the side plates of the truck. A

brake for lifting the rakes was attached as shown in Plate

XIX, and so weighted that when released it would lift the rakes.

The teeth for this lifter should be made to order. Old rake

teeth were used as a trial but tempering them to secure the

right shape spoiled them so that they either bent out of shape

or broke off.
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COST.

Changes which had to be fnade, trying different styles of

elbows and unions, testing different sets of nozzles, together

with an accident to the carrier, and the extra work required to

put parts together the first time, brought the cost of this ma-

chine nearly to the |300.00 mark. At the outside the parts

ought not to cost more than as follows:

Wheels $16 00

Tank 12 00

Pump, iron triplex 85 OO

Gearing and shafting 15 00

Material and building of carrier including connections to

pump and tanli 50 00

Material for frameworli and putting all the parts together 50 00

Making a total of $228 00

A triplex bronze pump can be made to order for $40.00 addi-

tional. We believe that the actual cost of building can be re-

duced to $200.00.

CONCLUSIONS.

When completed and tested the machine proved much less

unwieldy and awkward than appearances would indicate. It

could be turned in a space of six feet, not including team. All

the joints were easily packed to prevent leaking, and, the raising

and lowering of the carrier in turning did not cause the hori-

zontal telescoping joints to leak. It was thought that it would

be impossible to use it in asparagus fields that were on sand

beds, nevertheless a span of fourteen hundred pound horses

handled it v*^ith but little extra effort on level ground where

the wheels sank four inches into the sand.

Tests showed that an acre could be sprayed in less than an

hour, doing the work more thoroughly than could be done by
hand. Furthermore, there was a saving of material, as between
150 and 175 gals, was all that was used per acre when all the
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parts worked perfectly. When many stops had to be made con-

siderabe material was wasted as it was impossible to hold the

liquid already in the arms and supply pipe.

As a whole, the machine exceeded our expectations, and in

fact met all the requirements of an ideal sprayer. In building

another the only changes that would bo made would be in size

and weight of some of the materials used.

Finally, it is not advised that any one grower should go to the

expense of building such a machine to spray five or six acres of

asparagus. The grower of 15 acres or over could well afford to

do this. A better way would be for several growers of aspara-

gus to combine in building such a machine; or, one person could

build such a machine and do spraying for his neighbors as a

business, the same as threshing is done. It is believed that a

similar machine can be built for less than $200.00.

RECOMMENDATIONS.

li'or those who may wish to construct a similar machine, the

following suggestions and recommendations are given: Possibly

by the use of T iron for making the arches their weight could

be reduced. We found that the cross-plates on forward truck

were too light, being 2x3 in., and would recommend that the

two cross-plates be made of same sized timbers as the arch-plate,

namely, 3|x4^ in. We would also recommend the use of 2^x4^

in. side-plates instead of 4x4^ in. plates. These would support

the weight of tank as well as the 4x4^ inch plates and reduce

the weight of the truck as a whole.

The advice of the ^Vheel Company was taken and heavy

thresher wheels used on rear axle. These were heavier than

needed. The ordinary weight of wheels, such as furnished by

the company for farm wagons, would have answered the purpose

as well.

The advice of the Link-Belt Company was also taken regard-

ing shafting; as a result a shaft one and fifteen-sixteenths inches
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in diameter was used. This is nearly twice as heavy as required.

The use of a sprocket wheel on the right rear wheel larger than

that used on the Downs PowerAsparagus Sprayer, and swinging

a shaft, 1 in. in diameter, over the right-hand side-plate, would

allow a smaller sprocket wheel on the outer end of the shaft,

also a smaller one on the inner end next to the pump. In fact

the latter could be small enough to be placed directly under the

small sprocket-wheel on crank-shaft. In this way the pump
could be placed nearer the tank, shorter chains could be used,

and thus the weight of all the shafting and gearing be reduced

nearly two-thirds.

The weight could be reduced slightly by placing the elbow,

which follows the safety-valve, next the T and placing the

safety-valve beyond the elbow.
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EXPLANATION OF l^LATES.

Plate XYI.— Ground jplan of power sprayer showing arrange-

meyits of parts except tool box. Drawn to scale of one-half

inch to thefoot,

Plate XVIL Fig. 1.—Groundplan of front truck. .

Fig. 2.—Diagra'tn of pump with connections to tank and

nozzle carrier. Arrows indicate direction offlow alsopoints

of connection to other figures.

Fig. 3.—Diagram of one-half of carrier^ rear view, showing
arms.

Fig. 4.—Diagram of side view of arms and vertical su2)ply

pipe. Allpai'ts except arms drawn to sjale of one-half inch

to the foot.

Plate XYIII.—Hear side view of sprayer showing arrangements

ofparts of carrier and rakes with their supports.

Plate XIX.—Same as Plate XVIII with carrier elevated to show

parls more plainly, especially attachinent of brake bar to

carrier and horizontal supports, together with anchorage to

side.

Plate XX.—Side view of carrier and rakes elevated, side view

ofpump showing sprocket, also connection with shaft. In

additioji showing side view of arches with their braces.

Plate XXI.—Machine at work in field spraying two roxos at a

time.
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Plate XVI.—Ground Plan of Asparagus Sprayer.
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A FRUIT-DISEASE SURVEY OF AVESTERN

NEW YORK IN 1900.*

F. C. Stewart, F. M. Rolfs and F. H. Hall.

SUMMARY.

During the season of 1900 the writers made frequent visits to

the orchards, vineyards and small-fruit plantations throughout

Western New York for the purpose of learning what fruit dis-

eases exist there. The information thus gathered was supple-

mented by the replies to a circular letter of inquiry which was

sent to 200 fruit growers.

The season of 1900 being an unusually dry one, fungous dis-

eases did not thrive. All kinds of fruit were unusually free from

disease. Consequently, there are no remarkable outbreaks of

disease to report. The chief feature of this report consists in.

descriptions of some new or little-known diseases and a few new

facts about the common diseases. Such items of interest are

the following: Mac'-oplioma on apple (p. 174) and pear (p. 198);

Cytospora canker of apple (p. 175);
"
hairy root " of apple (p. 177);

a disease of apricot (p. ISO); brown spot of apricot (p. 181) and

peach (p. 192); a fall rust of blackberry (p. 182); hail injury to

cherry (p. 18C) and plum (p. 202); leaf scorch of cherry (p. 188)

and pear (p. 197); frost injury to grape (p. 189); double peaches

(p. 195); "little peach" (p. 191); nursery-cellar disease of peach

(p. 194); Cytospora on peach (p. 196), plum (p. 201) and apricot

(p. 181); gumming of plum fruits (p. 203); powdery mildew of

quince (p. 205) ;
cane knot of raspberry (p. 20G) ; powdery mildew

of raspberry (p. 208); and cane blight of raspberry (p. 208).

Reprint of Bulletin No. 191.



168 Keport of the Botanist of the

INTRODUCTION.

In the season of 1S09 this Station, in cooperation with the

Eastern New York Horticultural Society, made a fruit disease

survey of the Hudson Valley. The report^ on that work was

published as Bulletin 167. Although, in,some respects, the sea-

son was unfavorable for such an investigation, the results of the

survey were so satisfactory that it was decided to make a similar

survey of Western New York in 190O.

The two seasons' experience convinces us that the plant-disease

survey, properly conducted, is profitable work for an experiment
station botanist, for the following reasons: (1) It brings the

station into closer acquaintance with the farmers of the State,

and this is beneficial both to the farmers and to the station.

(2) It brings the station officer engaged in the survey into closer

acquaintance with the agriculture of the State, with its methods

and its needs. Information of this nature greatly increases the

efficiency of the station botanist possessing it. He learns what

pathological problems most need solution and gets suggestions as

to the best means of solving them. He also learns to distinguish

between practical and impractical remedies. The ultimate aim

of the investigator of plant diseases should be the discovery of

practical remedies for them^ and this end can not be attained

unless the investigator has some knowledge of agricultural prac-

tice—the more the better. (3) The survey work familiarizes the

investigator with the behavior of plant diseases in the field.

Field observations serve to check up the results obtained from

laboratory study. They also furnish information which is of

great value in answering correspondence pertaining to plant dis-

eases. Such correspondence is an important part of the work ot

a station botanist, and in order that he may answer the inquiries

in the most satisfactory manner he should know what diseases

occur in his State, the amount of damage usually done by them,

their symptoms and how they are affected by soil, climatic, and

other conditions. (4) Such a survey is certain to bring out some

^Stewart, F. C, & Blodgett, F. H. A Fruit-Disoase Survey of the

Hudson Valley in 1899. N. Y. Agr. Exp. Sta. Bui. 167.
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new facts of importance. In the Hudson Valley survey it was

discovered that the currant cane blight so destructive in the

Hudson Valley is entirely different from the currant cane blight

occurring in the western part of the State. In the same survey

there was gathered considerable evidence to show that a destruc-

tive cane blight of the raspberry, often attributed to drought or

winter injury, is in reality due to the attacks of a parasitic fun-

gus; and the observations made in the survey of 1900 prove this

beyond all doubt.

THE SURVEY: METHODS AND GENERAL RESULTS.

TERRITORY COVERED BY THE SURVEY.

The territory covered by the survey includes all that part of

New York State lying west of a north and south line drawn

through Lake Cayuga; namely, the Counties of Wayne, Seneca,

Schuyler, Chemung, Monroe, Ontario, Y^ates, Steuben, Orleans,

Genesee, Livingston, Wyoming, Allegany, Niagara, Erie, Cat-

taraugus and Chautauqua. (See Plate XXH.)

WEATHER CONDITIONS.

In Western New Y'ork the season of 1900 was excessivelv drv
«

and the effects of the drought were the more prominent because

the preceding season had also been an unusually dry one. The

monthly precipitation for the season of 1900 is shown in the

accompanying table:

Peecipitatio:? in Western New York—April to Septembee, 1900.

station. April.
In.

Romulus 59

Penn Yan 1.25

Lyons 1.19

^Yilliamson 1 .43

Rochester 1 . G8

Scottsville 1.G2

Brockport 1 . 78

Buffalo 1.13

Westfield 64

Avon 1 . 10

Akron 1.02

Atlanta 2.08

May.
In.
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methods of obtaining data.

The methods of obtaining the data were essentially the same
as those employed in the fruit-disease survey of the Hudson Val-

ley.2 During the season the writers visited various parts of the

district and made observations on the diseases of all kinds of

fruit. This part of the work was done much more thoroughly
than in the Hudson Valley survey, and, naturally the vicinity

of Geneva was more thoroughly explored than any other part
of the district. At the close of the season a circular letter of

inquiry was sent to 200 fruit growers in Western New York.

This letter requested information as to the amount of damage
done by the common fruit diseases in the season of 1900 and was
similar to the one sent to Hudson Valley fruit growers^ in 1899.

Eighty-four replies were received.

MAGNITUDE OF THE FRUIT INDUSTRY

Western New York is famous as a fruit-growing section. With

regard to the quantity and variety of high-grade fruit grown it

Is unequaled by any other section of equal area in the United

States. The most important fruit-growing Counties are those

bordering on the Great Lakes, namely, Wayne^ Monroe, Orleans

and Niagara on Lake Ontario; and Chautauqua on Lake Erie.

The fruit industry is also large in the Counties of Seneca, Schuy-

ler, Ontario, Yates, Livingston, Genesee and portions of Erie;

while in Cattaraugus, Allegany, Steuben and Chemung Counties

It is comparatively uoimportant.

The fruits grown extensively are apples, blackberries, cherries^

currants, grapes, peaches, peais, plums, quinces, raspberries, and

strawberries. There are many commercial plantations of goose-

berries and several of dewberries. Apricots are also grovtm to

some extent. The largest and best orchard of apricots east of

the Rocky Mountains is located near Lodi on the east shore of

Seneca Lake.

»L. c, p. 280.

•L. c, p. 281.
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The nursery business, alea, is very large in Westem New York.

It is especially prominent in the vicinity of Rochester^ Geneva

and Dansville. Several thousands of acres are devoted to the

growing of nursery stock,

GEXBRAL STATEtMENT OF RESULTS.

On account of the drought most fruit diseases were probably
much less destructive than usual. In many cases the expense of

spraying was wholly wasted because there was nothing to spray

for. Many localities were practically exempt from the common
fruit diseases which are ordinarily very destructive. In some

other localities, however, certain of these diseases caused much

damage. These variations were due to differences in local con-

ditions, chiefly rainfall. So far as its influence on fungous dis-

eases is concerned the total amount of rainfall is not nearly so

important as the manner of its distribution. Frequent, light

showers are more favorable to the growth of parasitic fungi than

heavy showers at long intervals.

It will be observed that the accounts of several of the diseases

discussed in this bulletin are very incomplete. We met with

many puzzling things upon which we were unable to make suffi-

cient observations for want of time. The field was entirely too

large to be covered thoroughly in a single season. Still we think

it best to publish these observations even though they be frag-

mentary. They at least furnish suggestions for further study.

APPLE DISEASES.^

The heavy gale of September 12 blew off large quantities of

apples. In many orchards from 25 to 50 per ct, of the fruit

fell. So far as the apple crop is concerned this wind was by far

the greatest disaster of the season. No disease has caused wide-

spread destruction; in fact, no disease has been at all conspicu-

ous except in a few localities.

Scab (Fusicladium dendriticum (Wallr.) Fckl.).
—This has done

very little damage. We have observed no orchard in which it

has caused sufficient injury to warrant the expense of spraying.

*In this bulletin no account is taken of damage caused by insects.
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The majority of our correspondents report little or no scab, but

one at Castile, Wyoming Co., says that scab destroyed 50 per
ct. of the unsprayed fruit in that locality, and at Silver Creek,

Chautauqua Co., Greenings are reported to have been practically

all scabby. A correspondent at Fredonia reports it to have done

considerable damage there, but not as much as usual.

Leap Spot.—This is a name which may T^e applied to any one

of several diseases and insect injuries. It is most commonly
used to designate the circular, dead, brown spots caused by two

species of fungi belonging to the genus Phyllosticta. We have

observed only traces of the Phyllosticta leaf spot. Several cor-

respondents report some damage from leaf spot, but we have no

means of determining the exact nature of the disease to which

they refer. Some of it was probably due to injury from arsenical

spraying mixtures, some was probably wind injury, and a few

persons who reported the occurrence of leaf spot probably re-

ferred to scab on the leaves. Some do not understand that scab

attacks the foliage and twigs as well as the fruit. .

Fruit Spot.—In our circular we asked for information about

the occurrence of "
sunken, brown spots on the fruit." W^e re-

ferred to the fruit-spot disease in which small pockets of dry,

corky tissue occur beneath the skin of the fruit, also scattered

all through it later in the season. This disease is quite well

known to our fruit growers. The reports indicate that it has

been somewhat less prevalent than usual. It has occurred spar-

ingly all over the district, but nowhere very destructively. A
correspondent at Pavilion, Genesee Co., reports it

"
very bad on

large Baldwins"; one at Eansomville, Niagara Co., *'ten per ct.

in some orchards"; one at Gorham, Ontario Co., "eight per ct."

The varieties mentioned as being especially subject to the disease

this season are Baldwin, Korthern Spy and Rhode Island Green-

ing. It seems to be the general opinion that large specimens

are more affected than small ones of the same variety.

The exact cause of this fruit-spot disease is unknown,^ but it

°Foi- a good summary of our knowledge of the disease see Jones, L. R.

Brown Spot of the Apple. Twelfth Ann. Rept. Vt. Agr. Exp. Sta., pp.

150-1G4.



New York Agricultural Experiment Station. 173

is safe to say that it is not due to any parasitic organism and con-

sequently it is difficult to understand how spraying can have any

effect upon it. Nevertheless, successful results from spraying

with Bordeaux mixture have been reported by Lamson^ and a

correspondent at Spencerport reports concerning the disease,
" about as usual except where liberally sprayed with Bordeaux

mixture nearly exempt." Wortmann'' and Zschokke,^ two

European investigators, believe the spots to result in some way
from the loss of water from the affected parts.

Twig Blight or Fire Blight {Bacillus amylovonis (Burr.)

De T'oni).
—This disease has been scarce. At Kiplcy, Chautau-

qua Co., we saw a bearing tree with many dead twigs; at Vine

Vallev, Yates Co., a few trees of different varieties were con-

siderably injured by it; and in a nursery at Orleans, Ontario Co.,

it killed a few trees. Only six correspondents mention the dis-

ease at all and of these but one (Bluff Point, Yates Co.) reports,

it doing serious damage.

How the Fruit is Keeping.—This question was answered by
64 persons, 20 of whom report apples keeping well; 21 fairly

well and 15 poorly. Four expressed the opinion that apples

ripened prematurely, while the remaining four gave the follow-

ing answers: "Baldwins good, Greenings poor;"
" Baldwins very

well; King, Spy and Greening not very well;" -"Baldwins

look well; Spys are not keeping well." From these reports it

appears that up to December 1, the time the reports were made,
the apple crop as a whole was in about average condition. •

As we have made no investigation of stored fruit we are unable

to state what fungi have been chiefly concerned in the rotting of

apples this season. Bitter rot, Glwosporium fnictlgeniim, is re-

ported to have been unusually common.

"Lamson, H. H. N. H. Agi-. Exp. Sta. Buls. 45 and 46.

'T\"ortmann, Jul. Ueber die sogenannten "Stippen" der Aepfel. Landtp,

Jahrb., 21: G63-6T5.

'Zschokke, A. Stippigwerden der Aepfel. Landiv. Jahrb. d. Schiceiz.,

11: 192.
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Canker {Sphwropsis malorum Pk.)
—Canker^ on the limbs and

trunks of apple trees is common throughout the whole district.

From the nature of the disease it is difficult: to determine

whether it has increased or decreased in virulence during 1900.

The fungus causing canker is also the cause of the black rot of

the fruit, and what appears to be the same fungus sometimes

attacks the leaves. We have searched carefully for it on both

fruit and leaves in many orchards where canker was abundant.

Occasionally we have found it attacking fruit still hanging on

the tree but the damage it does there is insignificant; its worst

effects are seen among stored fruit. We have failed to find the

fungus on apple leaves anywhere in Western New York.^*^

We have also sought for Cordley's^ apple-tree anthracnose

iungus, Gloeosporium malicorticis, but failed to find it.

IIacrophoma Canker.—On May 10, we observed that the bark

©n some cankered apple limbs in the Station orchard was thickly

covered with conspicuous creamy-white specks of pinhead size.

Upon microscopic examination these white specks proved to

be masses of the exuded spores of Maerophoma malorum (Berk.)

Berl. & Vogl. May 12 the same thing was observed in abundance

at Waterloo; May 16 at Dresden and Phelps; May 23 at Barker;

and May 24 at Hilton. It is plain that the exudation of

Slacrophoma spores on apple limbs during May was a common

occurrence. As a rule, the exudation was noticeably more

abundant on the side of the limb not exposed to the sun. At

Geneva the weather conditions preceding the exudation of spores

were as follows: For about a week prior to May 7 the weather

was cold and dry. During the night of May 7 there was a heavy

rain. May 8 was very warm and with a light rain at night.

May 9 was cloudy, damp and cold, becoming clear and colder at

night.

'For a full discussion of apple-tree canker see Buls. 163 and 185 of this

Station.

^'We have, however, collected it on apple leaves at Bayside, Lrong Island,

during the past season.

"Cordley, A. B. Some Preliminary Notes on Apple-Tree Anthracnose.

Oreg. Agr. Exp. Sta., Bui. 60.
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Even where the Maci'ophoma spore masses were not outwardly

conspicuous it was often found that just beneath the loose outer

bark, which peels off readily, there was an abundance of white

spores and mycelium.

The Macrophoma was found associated with all stages of the

<^anker (but not constantly), even with the very beginning of the

canker where it was often the only fungus to be found. Small,

dead, sharply delimited areas of bark one inch in diameter fre-

quently showed multitudes of the exuded spore masses and noth-

ing else.

Since the spores of Macrophoma malorum are about the size

and shape of the spores of Sphwropsis malorum Pk. and differ

from them only in being uncolored, the opinion has been ad-

vanced that the former is only an immature stage of the latter;

but we believe that the two forms are distinct species. It is

true that immature SpJicBropsis spores are uncolored, but the

colorless stage is quickly passed and when full grown they are

generally colored; whereas the Macrophoma spores remain un-

colored indefinitely after attaining full size. The fact of their

expulsion in May is evidence of their maturity at that time, but

they show no color. Moreover, Paddock ^^ j^^s seen the hyaline

spores germinate so there can no longer be any doubt that the

MacroplwmAi is distinct from Sphwropsis mAilorum.

It appears to us that Macrophoma malorum is parasitic upon

apple bark, but Paddock's^^ inoculations gave only negative re-

sults. If it is a parasite the lesions formed by it are very similar

to those of Sphceropsis.

Cytospora Canker.—About the middle of May Mr. Paddock

called our attention to dead patches of bark on several apple
trees in the Station orchard and pointed out the fact that while

the dead areas resembled those produced in the early stage of

Sphwropsis canker, they were, nevertheless, slightly different

and were inhabited by a different fungus which proved to be a

species of Cytospora. The affected patches were discolored,

"Paddock, W. Bui. 1S5 of this Station, p. 212.
"L. c.
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sharply defined and of yarious sizes from one-half inch to three

inches or more in diameter and often coalesced to form large

areas.

These areas occurred on all sides of the limbs, and branches

were frequently killed outright. On the larger branches only

the outer layer of bark was dead. Scattered all over the dead

areas were Ctjtospora pycnidia filled with multitudes of small,

colorless spores and, generally, no other fungus was present.

The Ci/tospora appears to be parasitic, but positive proof is

lacking.

When the subject of apple canker as it occurs in New York

State is thoroughly understood we believe it will be found that

there are at least three distinct diseases, which although strik-

ingly similar in their gross characters are yet sufficiently dif-

ferent to make it possible for an expert to distinguish them

without the aid of a microscope. Of the three kinds of canker

the Sphceropsis canker is undoubtedly the most important and

the Ci/tospora canker the least important.

Crown Gall.—So far as the apple is concerned, crown gall is

confined chiefly to the young trees in the nursery. In this dis-

ease rough, spongy, roundish galls occur on the roots. They
are usually found at the crown, but may occur on any part of

the root system. They are of all sizes up to that of a fist. The

nature of crown gall is not well understood. According to

Toumey^^ similar galls occurring on the roots of the almond in

Arizona are caused by a slime-mold closely related to the fungus

which causes the club-root disease of cabbage and allied plants.

Crown gall should not be confused with apple-root galls caused

by the woolly aphis. Woolly aphis galls are smaller, smooth,

hard and generally elongated rather than round.

We find crown gall not uncommon on apple trees in the nur-

series in Western New York, but we know of no case where it

has caused material loss. Usually nurserymen discard the

worst affected trees. We would recommend that all trees show-

" Tourney. J. W. An Inquiry into the Cause and Nature of Grown Gall.

Arizona Agr. Exp. Sta., Bui. 33.
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ing the least trace of the disease be rejected; for, although we

have never seen any ill etfects from the planting of affected

apple trees, it appears probable that the disease may thus be

spread to other fruits like peaches and red raspberries which

are sometimes much injured by it.

A nurseryman in Wayne Co. writes as follows: "Two

years ago we planted a row of apple trees affected with crown

gall beside a row of healthy trees. This fall we dug up a num-

ber of the trees and some had galls on them and some had not.

The trees with the crown gall made just as good a growth as the

healthy trees near by, the root system seemed to be healthy and

supplying the top with all the nourishment needed for a strong

growth."
" Hairy Eoot."—While examining nurseries for crown gall

we came across a nursery trouble of apple trees which nursery-

men call
"
hairy root." Affected trees have fev/, if any, large

branch roots. The root system consists of a multitude of very

small roots which spring in rosettes from the somewhat thick-

ened main root, giving it a bushy or hairy appearance. (See Plate

XXIII.) Affected trees are worthless for planting.

One -nurseryman tells us that he has known this trouble for 50

years; another has known it 40 years; and it appears that many

nurserymen are more or less acquainted with it. Yet we have

never seen any published account of such an apple disease.

While specimens of it are occasionally found in the majority of

the nurseries in Western New York, we have not heard of any

nursery where it is sufficiently abundant to cause appreciable

loss. Perhaps, one tree in each 500 may be affected with "
hairy

root." Nurserymen are pretty generally agreed that the disease

shows itself on the seedlings and is much more common among

Western-grown seedlings than among home-grown ones. The

affected seedlings are usually rejected at the grafting bench, but

some are passed only to be discarded later when the trees are dug
for market.

A tree affected with "
hairy root "

may at the same time suffer

from attackfi of woolly aphifi or crown gall or both, but in the

12



178 Report of the Botanist op the

majority of cases neither of the latter two diseases is present,

showing that "
hairy root "

is a distinct disease. Some think it

a consequence of grafting, but this can not be true because it

occurs on budded trees as well as on grafted ones. Some belie-ve

that it is more common on light soils while others say that the

character of the soil makes no difference. It eeeme to be con-

fined to the apple. The cause is unknown.-

Hail In.7ury.—In the summer of 1S98 a seTcre hailstorm

passed over the orchards south of Geneva. While making some

observations on fruit trees in that locality in April, 1900, we

observed some interesting hail effects which were still visible

on the bark. The details of these observations are given in the

discussion of plum diseases (page 202) and cherry diseases (page

186). On apple bark the only outward evidence of hail injury

was the presence of a few scars where the bark had been broken

by hailstones; but upon removing the outer layer of bark numer-

ous brown, corky spots were revealed. The location of these

dead spots was not indicated externally by any differences of

color in the outer bark as on the plum and cherry.

Powdery Mildew (Podosphcera oxyacantlim (D C.) D By.).
—•

This is often very troublesome to apple seedlings in the nurseries

of Western New York; so much so, in fact, that spraying with

Bordeaux mixture to prevent mildew is one of the necessary oper-

ations in the growing of apple seedlings. However, in 1900 this

disease appears to have been almost entirely absent. We have

neither seen nor heard of its occurrence except in a nursery at

Orleans, Ontario Co., where traces of it were observed upon

many plants.

We have been unable to take a single specimen of Sphwrotheca

mall.

Rust {Ch/mnosporangium spp.)
—We have been constantly on

the lookout for this disease, but have met with it only at Dres-

den, where we found a few trees showing a little rust on

August 28.

RussBTiNG OF Fruit.—There has also been very little of thla

trouble.
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Winter Injury and the King Disease.—In the apple

orchards throughout Western New York one frequently comes

across trees on which the bark around the base of the trunk is

dead or loose or perhaps already fallen away, leaving the wood

exposed for a distance of one or two feet above the surface of

the ground. Sometimes the injury extends clear up to the

crotch and into the larger branches. This disease attacks sev-

eral varieties, but is especially troublesome to the Tompkins'

King, or King as it is commonly called. This variety is so sus-

ceptible to attack that the disease is generally known as the
"
King disease," and the planting of the King in recent years has

considerably fallen off on account of it. The cause is unknown;
and our recent observations have thrown little new light on the

subject. That injury of this sort is sometimes winter injury

there is little doubt. The following case was evidently of that

nature: In April, 1899^ we examined, at Hall's Corners, an or-

chard which was 25 years of age and contained several different

varieties. For the most part the trees were in good condition,

but in a row of Baldwins, at about the center of the orchard,

there were ten trees with patches of bare wood extending from

12 to 18 inches above the surface of the soil. While the injuries

were commonly on the southwest side they were not confined

to that side, but occurred on all sides. On two trees the injury

extended clear around the trunk, but was bridged over by
several strips of living bark. Bridges of living bark were also

observed on some of the other affected trees. The margins of

the wounds were nicely healed over. The trouble was first

noticed in the spring of 1897 when the bark became loosened.

Other Diseases.—Monilia fructigena has been occasionally

found rotting fruit on the trees. We have not met with water

core,^ core rot/^ or Atkinson's cedema.^'^

"Cobb, N. A. Water Core in Apples. Agr. Oaz. N. S. Wales, 2: 286-287,

1891.

"Craig, J, Core Rot of Apples and Pears. Can. Exp. Farms Rept.,

1896: 172-173.

"Atkinson, G. F. GEdema of Apple Trees. Cornell Exp. Sta., Bui. 61:

299-302.
. .

. .
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APRICOT DISEASES.

Collar Rot.—The most destructive apricot disease which we

have come across is a disease of the trunli which may be called

collar rot or dying at the collar. A large apricot orchard at

Sodus has been ruined by it. This orchard was planted in 1890

with apricots budded on apricot stocks. • In each subsequent

season some of the trees have died, and the others have made a

stunted growth. The dead trees were replaced by others budded

on Primus simani stocks. Many of these also died and then

trees on Primus niariana stocks were tried with no better re-

sults, and at the present time the orchard is practically worth-

less.

We became acquainted with the orchard in 1899. In May of

that year we made a careful examination of the affected trees

and found the seat of the trouble located just below the surface

of the ground at the point where the bud was originally inserted,

which is called the union or collar. For a distance of three or

four inches above the union the bark was dead and brown en-

tirely around the trunk. On trees recently dead the injury

never extended below the union and often there w^as a sharp

line of demarcation between the living bark of the stock and the

dead bark of the trunk; but on trees which had been dead for

some time the bark of the stock also turned brown and it was

not so plain that the trouble had started at the union.

As a rule, the affected trees wilt rather suddenly some time in

early summer after having put out their leaves in an apparently

normal manner. The trouble is not confined to any particular

part of the orchard; dead trees are intermingled with living ones.

Only a few of the trees have made a fair growth. The majority

of the living trees have gnarly, stunted branches bearing large

and prominent lenticels which make the bark very rough to the

touch. The lenticels somewhat resemble the Gytospora pycnidia

discussed below.

We are unable to account satisfactorily for this apricot

trouble. Neither insects nor fungi seem to be the cause of it.
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The orchard contains quite a variety of soils and yet the disease

is equally destructive in all parts; so it does not seem to be

wholly a question of soil. We should su>spect the trouble due

to imperfect union of stock and bud were it not for the fact that

some trees of the same lot were planted at Lodi and have there

done well. Perhaps it is brought about by the combined effect

of uncongenial soil, uncongenial climate and imperfect union.

Trunk and Branch Injury.—In Bulletin 1G7, page 286, we de-

scribed an apricot trunk disease found in the Hudson A-^alley.

A similar disease has been observed at Lodi and Geneva. At

Lodi vigorous trees in full foliage suddenly wilted and died

early in June. At the surface of the soil the bark on the south-

west side of the trunk was dead and shrunken to the v>'ood.

In the Station orchard two trees of Japanese apricot, variety

Bongoume, show several large areas on trunk and larger

branches on which the bark is dead and shrunken to the wood.

The dead areas bear numerous pycnidia of Cijtospora}^

At Lodi we saw large, vigorous apricot trees, some of the

larger branches of which were dying. The only apparent cause

was Ci/tospora which was growing profusely on th€ bases of the

dying branches, thickly covering them with its pycnidia. It is

our opinion, that in this case at least, the Cytospora was parasitic.

Brot^oi Spot (HelmintJiosporium carpophilum L(Sv.)
—We have

occasionally seen this disease at Geneva and Lodi during the past
two seasons. It attacks the fruit, producing cinnamon-brown,

slightly-elevated spots which have a reddish tinge when young.
The apricot disease described and figured by Bailey" was prob-

ably brown spot. For a further discussion of brown spot see

page 192.

Other Diseases.—There has been some fruit rot caused, by
Monilia fructigena, but much les.^ than usual. We have seen no

black spot of the fruit, Cladosporium carpophilum, no powdery
mildew and no leaf spot of any kind.

'^Voi' a discussion of the Cytospora on stone fruits, see page 32.3.

"Bailey, L. H. Apricot Growing in Western New York. Cornell Univ.
Exp. Sta. Bui. 71 : 277.



182 Report of the Botanist of Tns

BLACKBERRY DISEASES.

Canes Broken by Snow.—A good many blackberry canes were

broken by the heavy snow which fell about March 1, 1900; but the

loss from this cause was not nearly so great as fruit growers
feared it would be.

Orange Rust {Pticoinia pcckiana Howe. Syn. Cwoma nitens

Schw.)—The blackberry rust so often mentioned in the economic

literature of plant diseases in this country is the orange rust,

Cwoma nitetis, which is believed to be the aecidial stage of Puccinia

pechiama. This is a common and destructive rust which is well

known to fruit growers. During the past year we have fre-

quently observed it on blackberries, sometimes doing much

damage. The reduction of prickles on rusted canes was found

to be less common than in the Hudson Valley. In Chautauqua

County at Ripley, Portland and Fredonia the rust was parasit-

ized by the fungus Tuherculina persicina (Ditm.) Succ. The

large dark-purple fruit bodies of the Tuberculina were abundant

on the under surface of the leaves. Where the parasite is pres-

ent the rusted plants are much less conspicuous because there is

less of the orange-colored powder. Spore production is greatly

checked by the parasite.

Orange rust appears only in spring, runs its course and dis-

appears by July; hence it may be called spring rust. To be

sure, it has a fall form, the teleutospore form which is called

Puccinia pecJciana; but this is not common and moreover it is so

inconspicuous that it is rarely observed except by experts who

are searching for it. We have not observed it on blackberries

the past season.

Yellow Fall Rust {Urcdo millleri Schroet.)
—Besides the

orange rust above mentioned, mycologists recognize several

other rusts of blackberries; but, heretofore, only one other rust

has been reported as occurring in abundance on cultivated black-

berries. We refer to Chnjsomyxa albida Kiihn, which is called

white rust because of the pale yellow color of its spores. Stone

& Smith '° have reported the occurrence of white rust on culti-

='"

Stone, G. E. & Smith, R. E. Ninth Ann. Rep. Mass. (Hatch) Exp. Sta.,

p. 74.



Plate XXIV.—l, Barrel-shaped Enlargement on Cherry; 2, Normal Peach
AND "Little Peaches" of same Variety and Age; 3, Yellow Fall Rust
OF Blackberry (Natural Size).
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vated blackberries in Massachusetts. We have sought for it in

Western New York during the past season, but have found only

traces of it.

We have now to report the occurrence of a third blackberry

rust which we will call yellow fall rust to distinguish it from the

other two blackberry rusts. On May 28 while examining a

plantation of blackberries near Oaks Corners, we found several

canes bearing rust sori which were bright yellow, 3-10 milli-

meters long, conspicuous and located chiefly near the surface of

the ground although some occurred well up on the canes. They

proved to be uredo sori and contained multitudes of yellow spores

which were roundish or often somewhat angular, slightly rough-

ened with minute projections, and had a diameter of 23-24//.

There were no paraphyses.

The variety of blackberry affected was Agawam. At this time

there was no rust on the leaves except on three or four plants

affected with orange rust; but the owner informed us that every

fall the leaves were covered with a yellow rust.

May 29 the same rust was found on canes of wild blackberries

at Geneva and on June 13 on wild blackberries at Williamson.

The next visit to the Oaks Corners plantation was on August

15. Over a large portion of it, also in parts of two other planta-

tiotas on the same farm, the plants were covered with a con-

spicuous bright yellow rust which appeared chiefly on the under

side of the leaves. (See Plate XXIV, Fig. 3.) It was most

plentiful on leaves of fruiting canes, but also occurred sparingly

on leaves of young canes. About a month later the rust was

quite as abundant on the leaves of new canes as on the leaves

of old ones. At this later date it was also observed on the fruit

pedicels and bracts and occasionally on the sepals; and was

more frequently found on the upper surface of the leaves than

it had been in August.

The rust on the leaves was the same as that found on the

canes in May. Throughout the season we watched for the ap-

pearance of teleutospores which would assist in the determi-

nation of the species of the rust, but without avail. The only
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teleutospores. found were a few belonging to Chnjsomijxa albida.

We were finally obliged to refer the rust to Dr. W. G. Farlow,

who informs us that it is Vredo miiUeri Schroet. It is known

only in the uredo stage.

This rust wa.s very abundant in three large plantations, all on

one farm, but we have not seen it anywhere else on cultivated

blackberries except at the Station where perhaps half a dozen

leaves were affected by it. In the plantation in which the rust

was first discovered and where it was most abundant there are

two kinds of soil—light sandy soil and sandy loam. On the

former, almost every leaf was affected; while on. the latter the

plants were practically free from rust until in September, and

even then they were very much less rusted than plants in the

sandy soil. In one of the other plantations the rust was most

abundant on a sandy knoll. It is plain that it has a preference

for plants in sandy soil.^i

There is no cause for alarm at the appearance of this black-

berry rust. It is not new but simply an unusual outbreak of a

fungus which has long been known to attack blackberries occa-

sionally. In case it should become abundant it is improbable

that it would cause much damage. The owner of the affected

plants says that they have been yellow with the rust every fall

for several years, but it does not seem to injure them. It ap-

pears too late in the season to do much damage.

Leaf Spot (Scptoria ruU Westd.).
—Leaf spot has been of quite

common occurrence on blackberries, but we doubt if it has done

any material damage to them. It was observed that on different

varieties the fungus may produce quite different spots. On

some varieties the spots are light brown, while on others they

are dark brown. Sometimes these differences are so marked

that at first we suspected that the two kinds of spots were

caused by different fungi, but we found only Scptoria ruU upon

them.

"Stone & Smith (Twelfth Ann. Eep. Mass. (Hatcb^ Exp. Sta., pp. Gl-73)

have observed that tlie same is true of asparagus rust
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'' Cane Knot.—We have sought for Bailey's^^ cane knot of

blackberry but have not found it. Among wild blackberries we

have found cane knots caused by an insect. A few inches above

the ground the canes bore swellings from one to two inches in

length and having a diameter about one-half greater than nor-

mal. The swellings were mostly smooth but some were cracked

owing to the canes having broken over at that point; and a few

specimens collected at Barker showed eruptions of soft, spongy

tissue. Inside the swellings there were the whitish larvte of

the gouty gall-beetle, Agrilus ruficolUs. These larvae were boring

in the pith. In many cases they had also girdled the cane by

boring around it just under the bark. Undoubtedly, the larvse

were the cause of the swellings. These observations were made

in May.

On the Station grounds we have observed enlargements on

blackberry canes near the ground which were due to mechanical

injuries made by tools used in cultivation.

Other Diseases.—At Portland a powdery mildew was ob-

served on a few canes of the variety Snyder. It was probably

the same fungus as that found on black raspberries (see page

208). As in the case of the raspberry, only rusted plants were

attacked.

Anthracnose, Glaeosporium venetum, has done very little dam-

age to blackberries.

Crown gall or root knot occasionally attacks blackberries, but

is rarely destructive to them.

CHERRY DISEASES.

Fruit Rot {Monilia fructigena P.).
—On account of the ex-

tremely dry season the loss from fruit rot has been much less

than usual. A few correspondents report losses of 15 to 20 per
ct.

Black Knot {PloicrigMla morhosa (Schw.) Sacc).—Black knot

attacks sour cherries in Western New York, but is easily kept

**
Bailey, L. H. Blackberries. Cornell Univ. Agr. Exp. Sta. Bui. 99:

427-428. Illus.
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under control by cutting out and burning the knots. It is much

less destructive to the cherry than to the plum. Probably the

disease has spread less than usual during the past season. We
have sought for it on the wild black cherry, Pruiuis seratina,

but have failed to find it on that host in Western New York.

Leaf Blight {Ci/Undrosporiiim padi Karst.).
—Leaf blight has

given very little trouble either to bearing trees or to nursery

stock. In the nurseries of Western New York cherry seedlings,

especially those of the Mazzard type, often suffer severely from

leaf blight, but in 1900 cherry foliage was generally quite per-

fect.

Witches' Brooms (Exoascus oerasi (Fckl.) Sadeb.)
—This fun-

gus is now known to occur on the cultivated cherry in three

localities in Western New York; viz., at Sodus Center in Wayne

County, Appleton in Niagara County, and Elba in Genesee

County. In each case it was found only on a single tree. Other

places in New York where it is known to exist are Athens, West

Athens and Catskill (all in Greene County) and various places on

Long Island. It is not likely to become troublesome.

Hail Injury.—Hailstones too small to break the bark may
bruise it in such a way as to cause the formation of brown, corky

spots within the bark. Many such spots are indicated exter-

nally by the lighter color of the outer bark which may al.so be

slightly elevated; but many others are revealed only when the

outer layer of bark is removed. We have observed such hail

injury to cherries at Geneva. (See Hail injury to plum, page

202.)

Leap Scorch.—Although the season of 1900 was drier than

that of 1899 there was none of the cherry leaf scorch such as

occurred in 1899. We have watched the Maxwell cherry orch-

ard which was so severely affected by leaf scorch in 1899^ to

determine the effect upon the crop of 1900. This orchard con-

tained 715 11-year-old Montmorency trees. About the middle of

August, 1899, 75 to 85 per ct. of the foliage on 637 of these

trees was killed by leaf scorch; and on 57 more 50 per ct. of

*» See Bui. 1G2 of this Station, pp. 172-175.
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the foliage was killed. In 1900 our first observations were made

May 10. At that date the flower buds were unopened and only

a few leaf buds broken, but it was even then evident that the

trees were considerably injured. On many branches the ma-

jority of the buds were dead. The wood of the preceding year's

growth was frequently dead, or, if living, was badly discolored.

Further observations were made May 21, when the trees were in

bloom. Many flower buds failed to open; those which did open

were belated, the flower pedicels were quite generally shortened

and a large percentage failed to set fruit. We are informed

that there was a light crop of fruit.

In an orchard at Hector the leaf scorch in 1899 affected only

the south half of each tree. In the spring of 1900 we found that

the flower pedicels on the south side of these trees were abnor-

mally short, the flowers often being almost sessile; while on the

north side they were considerably longer and nearly normal.

A New Fungus on Cherry Branches {Cnjptosporiiim cerasinum

Pk.).
—In the vicinity of Geneva dead cherry branches are fre-

quently infested by a species of Gryptosporium. Specimens were

submitted to Prof. C. H. Peck, who informs us that the fungus

is an undescribed one and that he proposes to call it G. cerasi-

num. It is probably not parasitic. Its spores resemble those

of the cherry leaf-blight fungus, Gylindrosporium padi.

Enlargements on the Branches.—Occasionally cherry

branches show barrel-shaped enlargements of various sizes. On
the Station grounds there is a Chinese double-flowering cherry

which is seriously affected in this way. The enlargements are

numerous on all branches more than three years of age, and oc-

cur even on the trunk. One branch four feet long bears nine

enlargements. They are produced by an abnormal thickening

of the bark which is dead and brown and often deeply scarred

by wide, rough longitudinal slits. (See Plate XXIV, Fig. 1).

The cause of the enlargements is unknown to us.

Other Diseases.—There has been a little powdery mildew,

Podosplicera oxyamntlice, on nursery stock and occasionally on the

tips of twigs on bearing trees; but it has act been destructive.
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Crown gall is (jnite common on cherry trees in the nursery.

We have not taken a single specimen of scab, Cladosporium

carpophiliim, or of rust, Piiccinia pnini.

CURRANT DISEASES.

Caxe Blight.—This disease is of frequent occurrence in the

currant plantations in Western New York, but not nearly so

destructive there as it is in the Hudson Valley. In Western

New York the fungus Ncctria cinnctbarina is commonly associated

with the disease although we have also sometimes found the

sterile fungus which is the chief cause of the currant cane blight

in the Hudson Valley. We observe that in Western New York

the disease generally attacks the plants near the surface of the

ground, making it difficult to apply successfully the preventive

measure of pruning out the affected branches as has been sug-

gested
^^ for the Hudson Valley.

Leap Spot.—We have observed three kinds of currant leaf

spot; viz., leaf spot caused by Septorla ribls, by Gloeospor'mm ribis

and by the four-lined leaf-bug. The Septoria leaf spot has been

the most common, but it has not done much damage.

Powdery Mildew {Sphwrotheca mors-iivcB (Schw.) B. & C).—
The powdery mildew of the gooseberry sometimes attacks cur-

rants. At Ripley, Chautauqua County, we saw this mildew in

two plantations of currants. In one case the plants w^ere

unusually thrifty and growing in a plum orchard. On many

plants the mildew attacked the leaves at the ends of the canes,

and on a few plants it ateo attacked the berries, covering them

with a brown felt-like growth.

GOOSEBERRY DISEASES.

Powdery Mildew [Sphrerotheca mors-uvcc (Schw.) B. & C).—
The only important disease aflfecting gooseberries in 1900 was

powdery mildew, which, as usual, caused much damage. In

many instances the entire crop of certain varieties was ruined by

it. The English varieties suffer most, but some Amerioaa varie-

ties are also subject to it.

" Bui, 1G7 this StatioD. p. 294.
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GRAPE DISEASES.

Diseases in General.—Vineyards were remarkably free

from disease. Black rot {Lccstadia hiSwelUi) and downy mildew

(Plasmopara viticola) were destructive only in a few localities.

Powdery mildew [Vncinula necator) and anthracnose [Sphaceloma

ampeUnum) were rare. A few severe cases of "
shelling

" were

reported, but this trouble was not at all common. Black knot

(blacky warty enlargements of the stem due to frost injury) is less

common than we supposed. Occasional specimens may be found

in many vineyards, but it is rarely of suflScient abundance to cause

material loss.

RussETED Fruit and Protruding Seeds.—In various localities

in Western New York the green grapes showed russet bands and

blotches which were only skin deep. Their appearance was very

suggestive of the russeting of apples and pears and we think it

due to the same cause, weather conditions,
—

probably a light

freeze after the fruit was set. On many of the russeted fruits

one or more seeds were exposed and sometimes prominently pro-

truded. In some cases seeds were exposed on fruits which were

not russeted. Nevertheless, we believe the russeting and expos-

ure of seeds both due to the same cause.

PEACH DISEASES.

Leap Curl {Exoascus deformans (Berk.) Fckl.).
—Leaf curl has

done but little damage. A few correspondents report consider-

able loss from it, but in general it appeared only on particularly

susceptible varieties such as Elberta.

It is now known that this destructive disease may be almost

wholly prevented by a single thorough spraying with Bordeaux

mixture in late winter or early spring hefwe the buds hreal-.

Applications made after the foliage has appeared have little or

no effect. By the time the leaf buds begin to show green it is

already too late to spray. At Williamson we saw an Elberta

orchard which had been well sprayed on April 30, at which time

some of the buds were breaking. Leaf curl was quite as bad on
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EXPLANATION OF PLATE XXV.

Fig. 1.—Peach twigs hearing the knots on which Helminthosporium

sjpores arefound.

Fig. 2.—A peach affected with hrown spot caused hy Helmintho-

sporium carpophilum Lev.

Fig. 3.—Two Helminthosporium spores direct from a peach twig

killed hy the fungus. They represent the prevailing

forms.

Fig. 4r.—Two spores of H. carpophilum from peach fruit. They

represent the prevailingformsfound on thefruit.

Fig. 5.—Five spores rt/ Helminthosporium grown in a pure culture

ohtainedfrom the knots shown in Fig. 1.

Fig. 6.—A spore from the same culture germinated in sugar solu-

tion. The normal method of germination.

Fig. 7.—Three spores from the same culture germinated in dis-

tilled water. Ahnormal germination.

Fig. 8.—Mycelium andfour newly formed spores grown in sugar
solution.

Figures 3-8 were drawn with the aid of a, cajnera-lucida and

all to the same scale.



*

Plate XXV.—Gross and Microscopic Characters of Peach Brown Spot
Fungus.
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these sprayed trees as it was on any unsprayed trees in the

neij?hborhood. The spraying had been done a little too late.

Fruit Rot {Monilia fructigena P.).
—Fruit rot was not destruc-

tive to medium and late varieties; but on some early varieties

s"'h as Alexander and Early Rivers it not only destroyed a large

proportion of the fruit, but also commonly attacked the branches,

ki ling them back from six inches to two feet.

" Little Peach."—In different parts of the State large quan-

tities of peaches were so small that they were not gathered.

Such peaches were most plentiful in Niagara County where the

pnach growers believe that they have the genuine Michigan
"

little peach
" disease and are much alarmed over it. Some

large orchards in that county have been ruined by a disease pre-

senting all the symptoms described by Dr. Smithes and we have

no doubt that it is the same disease as the one which has lately

attracted so much attention in Michigan. According to the tes-

timony of fruit growers the disease has existed in Niagara

County for at least six, and probably eight, years. It has also

b( en known for six years in Monroe County. The "
little peach

"

disease is often confused with the effects of overbearing and

drought which sometimes appear to produce identically the same

symptoms. So far as we can see there is no difference between

the two except that trees affected with "little peach" are said

never to recover from it, while the ill-effects of overbearing may
[•ass away. In some cases the small size of the fruit is probably

the combined effect of disease, overbearing and drought. A
very large proportion of the so-called

"
little peaches

" in New
York in 1900 resulted from overbearing and drought and might
have been prevented by vigoiH)us thinning.

Yellows.—Peach yellows is prevalent in Western New York

and although it is an old trouble there are still many fruit grow-

ers who do not know the disease. All trees having yellow

foliage are not affected with yellows. Borers in the trunk, lack

of cultivation, lack of food, etc., often cause peach foliage to

"
Smith, El-win F. Notes on the Michigan Disease known a^ "

Little

Pea-ch ". The Fennville (Mich.) Herald, Oct 15, 1898.
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become yellow; but tbe imtbrifty condition brougbt about by
such causes should be carefully distinguished from the genuine

yellows. The most reliable symptoms of yellows are premature

ripening of the fruit and the occurrence of red streaks in the

flesh of the fruit.

Brown Spot {Helminniosporium carpopliilum L^v.).
—During the

past two years we have frequently seen peach fruits affected

with a fungous disease called brown spot. It begins its attack

while the fruit is still green, but is most conspicuous on the ripe

fruit where it apears in the form of pink spots and cinnamon-

brown areas. At first the spots are no larger than a piuhead

and have a brilliant pink color such as the San Jos6 scale insect

produces on apples and pears. In the center of the pink spot

there is usually a circular, brown or fawn-colored portion. At

this stage the spots are often slightly elevated. In time, the

spots coalesce to form irregular areas of cinnamon-brown color

and then the pink discoloration of the fruit mostly disappears.

Such areas may occupy from one-fifth to one-half of the surface

of the fruit and, according to our observations, occur exclusively

upon the upper surface. (See Plate XXV, Fig. 2.)

Ordinarily no spores are found in the younger spots, but on

the older, brown areas the spores of an Helminth osporimn occur

sparingly. The spores are light brown and mostly 2- to 3-septate

although 4- to 6-septate spores are not uncommon. In almost

any microscopic preparation containing scrapings from the

brown areas there may be found a few of the Hclminthosporiinn

spores, but they are never abundant. There is little doubt that

these spores belong to the fungus which causes the brown areas,

and that the fungus is Helmintliosporium carpopliilum-'' Lev.

What seems to be the same fungus^" has been found on peach

branches. Conspicuous enlargements resembling the black knot

of plum frequently occur on peach branches in this State. (See

=°Accordmg to Adcrliold {CentralltJatt f. Bakt., Parasitcnk. n. Infektionskr.,

II, 5 : 523.) llchnintJiospoyiiim carpopliilum Lev, is a synouj-m of ClaS'

tcrosporiiim amygdalearum Sacc.

"The fungus grows readily on the ordinary culture media. The spores

germinate freely in tap water and in distilled water; but in the latter med-
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Plate XXV, Fig. 1.) Specimens of this peach knot were sub-

mitted to Mr. A. D. Selby, botanist Df the Ohio Experiment Sta-

ton, who identified them as being the same as the "
twig disease

with gum flow" discussed by him in Ohio Experiment Station

Bulletin 92, pages 199-206. The knots are almost invariably

covered with gum. In midwinter we examined many of these

knots collected in different localities and nearly always found

spores of HelmintJiospoi^um (apparently H. ca/rpopMlum) in the

gum. Sometimes the spores were abundant.

Hyphae are not abundant in the tissues of the knots. In fact,

it is not clear that they contain any hyphae except occasionally

those of saprophytes.

A pure culture of the HelminihospoHum on the knots was ob-

tained and peach twigs inoculated with it. The inoculated

twigs became much blackened at the point of inoculation and

there was a copious exudation of gum, while on the check twigs

there was no blackening and very little gum. Although the fun-

gus seemed to be parasitic the twigs manifested no tendency to

form knots.

In the latter part of the season we occasionally found peach

twigs which were killed by the same Helminthospot'ium. In such

cases the twig was strangled at a point from 6 to 12 inches back

of the tip. At the point of attack the bark was of a gray color

and Helminilwsponum spores were plentiful, but there was no

enlargement of the twig.

We have also sought for HelmintJiosporium on peach leaves,

but without success except in one instance. In the Station

orchard some peach trees, the fruit of which was infested by

Eelminiliosporium, showed considerable shot-hole injury on the

leaves. An examination of the affected leaves was made Sep-

tember 4. Most of the spots had fallen out, but on those re-

maining we occasionally found Eelmintliosporium spores iden-

ium the germination is often of a peculiar sort. (See Plate XX, Fig. 7.)

The average dimensions of 17 spores grown on sugar beet agar was
131/^x35 ju.

As found in nature on the fruit and branches they are som©-
wbat smaller.

13
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tical iu size and appearance with those found on the fruit, twigs

and knots. Sometimes the- spores were quite abundant, but

again entirely absent.

In short, it may be said that brown spot of peaches is caused

by Helminthosporium carpophilum which is also sometimes para-

sitic on the twigs; that it often occurs on the knots and some-

times on the leaves, but whether it is the' cause of the knots or

is parasitic on the leaves we do not know. It also attacks apri-

cot fruits.

Very little has been written about the disease in America.

Taft-^ mentions its occurrence in Michigan, and according to

Selby-^ it is common in Ohio. In New York it is, as yet, com-

paratively unimportant. Selby's experiments indicate that it

maj' be readily controlled by spraying with weak Bordeaux mix-

ture after the fruit has set. However, there is considerable

risk in spraying peaches in foliage and it should be avoided if

possible.

A Disease of Peaches in the Nursery Cellar.—In the win-

ter of 1899-1900 a nurseryman had an interesting experience

with peach trees in his nursery cellar. The cellar contained

about 10,000 peach trees of several different varieties which were

trenched in according to the usual custom. At the time the

trees were put in the cellar in the fall some of them were wet

and others dry. In trenching them in, &and was thrown over

them and allowed to fall down among the branches. On the wet

trees considerable sand stuck to the branches. .

About January 1 it was noticed that there was something

wrong with the trees having sand on their branches. It was

found that in many places on the branches there were sections

fioni one to four inches in length on which the bark was dead

and black or brown. About 15 per ct. of all the trees in the

cellar were more or less affected in this manner, but the trouble

was confined entirely to the trees with sand on the branches.

"Taft, L. R., Mich. Agr. Exp. Sta. Bui. 103 : 57-58.

"Selby, A. D., Ohio Agr. Exp. Sta. Bui. 92:224-225. Selby calls it

brown or pustular spot."



New York Agricultural Experiment Station. 195

The cause appv'ared to be a fungus, but its identity is still

unknown because we were unable to cultivate it artificially with

success. It made but a feeble growth and produced no spores.

In the spring we planted some of the diseased trees hoping that

the fungus might fruit on the dead branches; but in this, also,

we were disappointed.

The owner made an attempt to save the affected trees by

removing them from the cellar, washing them and pruning away
the diseased branches and then returning them again to the cel-

lar; but without avail. New points of infection appeared and

by spring most of the trees were w^orthless.

Evidently, there is danger in throwing sand on wet trees in

the nursery cellar. It is worthy of note that the sand had been

used in the cellar continuously for several years.

Double Peaches.—Although it is not a pathological condition,

we wish to mention that double fruits of peach were unusually

abundant last season. On June 6 we observed double peaches

very plentiful in a large orchard at Lodi. They occurred on

many trees of different varieties in various parts of the orchard.

Often, fully 25 per ct. of the fruits were double, and occasionally

triple fruits were found. The foreman told us that he had seen

quadruple fruits, but we could find none. As a rule the two

parts were of about the same size, but sometimes they were

very unequal. The majorty of them fell from the trees while

small.

On a branch of an Early Crawford tree at Rushville we counted

Gl peaches, of which 37 were double and 2 were triple. Another

small branch on the same tree bore 12 fruits of which 9 were

double and 2 triple.

Hail Injury.—Some observations were made on peach trees

which had experienced a severe hailstorm two years previous.

Upon shaving off the outer layer of bark the inner bark was

found to contain numerous brown, corky spots, which were not

externally visible. No gum exuded from such injuries or from

the wounds made by larger hailstones which broke the bark.

Neither did any of the hailstone wounds show any tendency to

develop into knots or cankers.
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CYTosroRA.—Dead peach branches are commouly infested by

a species of Gytospora which is generally believed to be a sapro-

phyte and considered of little importance; but we have so often

seen this fungus intimately associated with dead and dying peach

trees when no other sufficient cause for disease was evident, that

we are becoming suspicious that it is, at least, a semiparasite.

Young peach trees found dead in the spring and supposed to

have been winter killed, often have the lower part of their

trunks thickly covered with pimples. When the outer bark is

removed it is seen that the pimples are caused by the presence

of flattened, roundish bodies, which in color, size, and shape,

resemble flattened shot. The interior of these bodies is white.

They are very suggestive of sclerotia. In reality, they are the

stromata of Gytospora. Eventually, they may become divided

into several ehambers each containing multitudes of small,

curved, hyaline spores. However, under some conditions they

may remain indefinitely in the sclerotium-like stage and are then

very puzzling to the uninitiated. What appears to be the same

fungus occurs on the trunks and branches of apricots and plums.

(See pages 181, 201.)

Splitting op the Trunk.—In a peach orchard at Trumans-

burg, 20^25 per ct. of the trees show conspicuous scars on the

trunks, chiefly on the southwest side. The owner states that four

or five years ago the trunks split from the ground to the crotch

as a result of severe freezing. In the spring following the win-

ter in which the injury occurred, the edges of the wounds were

trimmed back to the living tissue and painted with Bordeaux

mixture. The majority of the trunks have healed over nicely

without any injury from rot. One fresh crack was observed

which was evidently due to the winter of 1899^1900. The trees

are of the variety Elberta and were very vigorous previous to

the occurrence of the injury-^**

Other Diseases.—Black spot or scab, Cladosporium carpopMr

lum Thiim, occurred sparingly.

'Tor an Illustration of a split peach trunk and a discussion of the treat-

ment of such Injury, see Bailey, L. H. The Pruning Book, pp. 122-123.

The MacMillan Go., New York, 1898.
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We have seen no severe case of gumming except that caused

by the fruit bark-beetle, Scohjtus. In September, the gumming

of peach trunks due to the attacks of Scohjtus was very general

in Niagara County. For an account of this see Bulletin 180 of

this Station.

Crown gall occurs frequently on nursery stock and occasionally

on orchard trees.

We have seen no powdery mildew, Sph(srotheca pannosa

(Wallr.) Jj6y., the past season.

PEAR DISEASES.

FiREi Blight (Bacillus amylovm'us (Burr.) De Toni.),
—This dis-

ease was common and did considerable "damage, but not as much

as usual.

Leaf Scorch.—On August 12 we observed at Geneva a black-

ening of pear leaves which resembled the work of fire blight, but

was, in realitv, due to leaf scorch. The trees on which it

occurred were of the variety Kieffer, about ten years old, other-

wise healthy and growing rapidly. Over a considerable portion

of the tops of many trees the leaves were black and dead. For

the most part, the injury was confined to about two or three feet

of the terminal portion of vigorous shoots of the present season's

growth. Only the leaves were affected. The wood was unin-

jured and this fact is proof that the trouble was not fire blight.

In the course of about two weeks most of the blackened leaves

fell and the injury was then less conspicuous.

We are convinced that it was weather injury similar to the leaf

scorch which appeared on cherries in 1899; but we are at a loss

to account for its occurrence this season when cherries have been

free from the trouble; whereas, in 1899, cherries suffered from

leaf scorch when pears were exempt from it. We know posi-

tively that the Kieffer orchard affected with leaf scorch in 1900

was wholly free from it in 1899. Even pear trees mingled with

the badly scorched cherry trees in the Maxwell orchard in 1899

showed no signs of leaf scorch.^^

"See Bui. 162 of this Station, p. 173.
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August 0-11, 1900, the week preceding the occurrence of the

injury, was the hottest we:^k of the season. It was also very dry

and most of the time wiiidy.

Later, the leaf scorch of pears was observed on a few trees

in each of several other orchards, and we are informed that it

occurred, also, on nursery trees of Kieffer at Dansville.

Body Blight.—The so-called body blight of pear trunks which

is described on page 301 of Bulletin 167 of this Station is very

common throughout Western New York, By means of inocula-

tion experiments Paddock ^^
jj^j^ shown that this disease may be

produced by the apple canker and black rot fungus, ^phwropsis

malorum Pk. The same writer observed that the fungus Macro-

phoma malorum (Berk.) Berl. & Vogl. is also of common occur-

rence on the dead bark on pear trunks, and stated his suspicion

that it may play a part in the production of body blight.^^ How-

ever, his inoculation experiments with Macroplioma malorum, a

year later^ gave only negative results.^*

According to our own observations both Sphwropsis malorum

and Macroplioma malorum occur abundantly on the trunks and

branches of pear trees affected with body blight. The Macro-

plioma certainly has the appearance of being parasitic and. Pad-

dock's inoculation experiments should be repeated before it is

finally decided that the fungus is not a parasite.

In order to determine if Macroplioma malorum is an immature

stage of Sphwropsis malorum a pear branch thickly covered with

fruiting pycnidia of Macroplioma was kept under observation

from early May until September. The spores remained hyaline

to the end of the period, indicating that the Macroplioma is not

a stage of 8pli<^ropsis, but a distinct species. This conclusion

is in harmony with Paddock's observations on Macroplioma

malorum^^ in cultures.

'=
Paddock, Wendell. The New York Apple-tree Canker. Bui. 1G3 of

this Station, pp. 184, 203.

='L. c.

='Bul. 185 of this Station, p. 212.

=»L. c.
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In May the Macrophnma expelled its spores on pear in the

same manner as on apple. (See page 174.)

In a paper before the Western New York Horticultural So-

ciety at its last annual meeting in Rochester, January 23-24,

1901, Mr. Albert Wood^^ stated that he has successfully treated

the body blight of pear by washing the trunks with a mixture of

whale oil soap, copper sulphate, lime and ashes.

We have searched for Sphwropsis on pear leaves, but found

none in Western New York, although some specimens were

taken on Long Island. It has not been observed on the fruit.

Winter and Drought Injury.—In May, ItlOO, a fruit grower

at Rushville wrote us concerning the death of some of his pear

trees. His orchard consisted of 300 dwarf Duchess pears which

had been planted five years and, previous to last year, were

thrifty. In the season of 1899, 25 of the trees died, and during

1900 about 20 more of them died. The roots were dead, as was

also the bark on the trunk as far up as the union. The soil on

which the trees stood was a clay loam with a clay subsoil. Most

of the dead trees were on three small knolls where the soil was

considerably thinner than in the rest of the orchard.

There was no evidence of fungi or insects. It was evidently a

weather injury and probably came about in the following man-

ner: The warm, wet autumn of 1898 induced a late growth
which made the trees susceptible to winter injury in the severe

winter of 1898-9; and some of the injured trees which survived

the drought of 1899 succumbed to the more severe drought of

1900. The character of the soil was, also, favorable to injury

from both freezing and drought.

On one of the knolls beside the dead dwarf pears there were

some standard pears which were not killed. However, in the

Hudson Valley we have observed standard pears on heavy clay

"soil dying in the same manner and apparently from the same

cause.

=«Wood, Albert. Experimonts Avitli Borly Blight on Poar Treos Twelve
Years Old. Proceediugs Forty-sixth Auii. Meeting W. N. Y. Hort. Soc,
p. 24.
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Miscellaneous Diseases.—Scab {Fusicladium pirinum (Lib.)

Fckl.) was not troublesome. Leaf blight [Entamosporium
maculatum L6v.) and leaf spot (Septoria piricola Desm.) both oc-

curred sparingly throughout the entire district, but neither was

destructive. No specimen of genuine rust (Gymnosporangiuni)

was taken and russeting of the fruit was not common. Crown

gall occurs occasionally on pears in the nursery. Brown, corky

spots within the bark may be caused by hailstones as on other

fruit trees. The spots are not visible externally.

PLUM DISEASES.

Fruit Rot [Monilia fructiffcna P.).
—Although considerably less

destructive than usual, fruit rot was quite proA^alent and in

some cases caused heavy losses.

Many of the rotten plums remain on the trees over winter.

They are called mummy plums or mummies. It is important

that such plums be removed from the orchard, because they

harbor the rot fungus and in the spring become centers of in-

fection.

We have observed that mummy plums, their pedicels and the

twigs bearing them are often covered with a black fungus. On

the twig the fungus extends its growth to a distance of two

to six inches below the mummy plum, but scarcely at all above

it. Evidently, the fungus lives on the juice which the rain

washes out of the mummies. Probably, it does the twig little or

no harm. It grows partly on the surface and partly beneath

the cuticle, causing an eruption which makes the affected twigs

quite rough to the touch. Prof. C. H. Peck, to whom the fungus

was referred for identification states that it is an undescribed

species for which he proposes the name Gonioihecium sociale.

SuNSCALD.—Some varieties of plums, particularly Reine

Claude, are much injured by sunscald. On the southwest side of

the trunk a strip of dead bark extends from the ground to

the crotch, or even well up on the larger branches. In the ad-

vanced stage the dead bark falls away leaving, the wood bare.

With Reine Claude, sunscald is so common that this variety is
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now grown cliiefly by topgrafting on varieties not subject to

sunseald.

Cytospora.—Plum trunks and branches affected by sunseald

are almost invariably infested by a species of Cytospora. In the

case of a recent injury where the bark is not yet loosened the

Cytospora is usually found in the sclerotium-like stage described

on page 194. The Cytospora i)imples are very abundant and often

oecur within half an inch of the living bark. This condition is

best O'beerved on the larger branches where the affected areas are

depressed and the boundary between the living and dead bark

plainly marked. Such areas on the branches usually have open

connection with the sunseald injury on the trunk although occa-

sionally an isolated one is found; but in nearly all cases they are

covered with Cytospora. On injuries of longer standing the

Cytospora pimples have white tops and are more likely to be

found fruiting. In the older injuries there are also occasionally

found perithecia of Talsa, the mature form of Cytospora.

The branches of Japan plums sometimes show isolated areas a

few inches long on which the bark is dead and shrunken to the

wood. If the branch is a small one it is likely to be slightly

enlarged at the point of injury. Such injuries are often called

cankers. They generally bear Cytospora pimples.

From a canker on Japan plum we obtained a pure culture of

the Cytospora and inoculated it into six branches of Japan plum
—three one-year-old branches and three of the present season's

growth. They were inoeulated by first abrading the bark, insert-

ing a bit of fungus in the wound and finally covering the point

of inoeulation with grafting wax. The inoculations were made

July 6 and at the same time two checks were prepared on one-

year-old branches. In a few days gum began to exude from the

inoculations and by the close of the season there were good can-

kers at all six points of inoculation, while on the checks there

was nothing abnormal, not even an exudation of gum.

On July 21 the same Cytospora was inoculated into five peach

shoots (variety Foster) of the present season's growth in the

same manner that the plum branches were inoculated. There
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were five checks on the same tree. On November 1 the five

inoculated shoots were all gumming freely at the points of inoc-

ulation and the wood was disclored, while on the checks there

was no exudation of gum and no discoloration of the wood.

It has already been mentioned that the trunks and branches of

apricots and peaches are often infested by a species of Cytospora

which we suspect is parasitic upon them.' To all appearances,

the Cytospora found on apricots and peaches is the same as that

found on plums; but the apple Cytospora mentioned on page 175

is different. The above experiments indicate that the Cytospora

of stone fruits may not be the harmless saprophyte which it has

heretofore been considered. On the plum it probably aggravates

the injury caused by sunscald.

Hail Injury.—In April, 1900, while making some observa-

tions in a plum orchard near Geneva we found that the plum

branches, both large and small, were quite thickly covered with

circular spots which were about one-eighth inch in diameter,

reddish brown and generally a trifle elevated above the surround-

ing bark. They were not conspicuous and yet easily detected

by one looking for them. On the surface, the bark was smooth

and sound, but when cut into it was found to be brown and corky

to a depth of 1-2 millimeters.

At first we were puzzled to account for the spots, but upon

further examination it was found that they occurred only upon

the northwest side of the limbs and were intermingled with hail-

stone wounds made in the summer of 1898. Underneath the

hailstone wounds there was the same brown, corky tissue. Then

it became clear that the spots had been caused by hailstones

which bruised the bark without breaking it.

Similar spots were found also on the bark of apple, cheri-T',

peach, pear and quince; but, with the exception of cherry, the

spots were not externally visible. They were revealed only when

the bark was cut into. On the cherry and plum the majority

of the spots were visible externally, but on both there were some

other spots which could not be located until after the outer layer

of bark was removed.
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Gum Pockets 'in the Fruit.—The plum like tlie otbei*

stone fruits is often subject to gumming, due to various causes.

We have observed only one case which is worthj- of mention.

During the past four years the fruit on five prune trees in the

vicinity of Rochester has been seriously affected with gumming
as follows: The trouble begins about the middle of July, It

first appears as an irregular spot of a darker green than the nor-

mal color of the fruit skin. The spots vary in size, but are usu-

ally from one-fourth to one-half inch across, with somewhat

indefinite outline. In the early stages the skin of the fruit is

unbroken. The tissue underneath is brown and there is a rift

or cavity filled with liquid gum. At this time, the discolored

tissue has no communication with the pit or with the outer

world. Frequently, gum continues to collect in the cavity until

the skin bulges prominently. The bulged portion is circular in

outline. Finally, a crescent-shaped crack, like a curculio wound,

appears at the boundary of the bulge and the gum exudes. The

exuded gum hardens and stands out in large drops as on curcu-

lio-infested fruits. A conspicuous bulge indicates a large gum
pocket. After the exudation of the gum the bulge subsides. In

some cases there is no bulging of the skin and no exudation of

gum. In advanced stages the skin often takes on a purple color,

and one-half or more of the fruit may be involved in disease.

Then the injury extends to the pit; in fact, the gum pocket may
be in actual contact with the pit. Within the fruit the diseased

portion is very irregular in outline and not sharply separated

from the healthy tissue. Spots may occur on any part of the

fruit but are least common about the stem end. The affected
«

fruits show a tendency to fall prematurely and those which do

ripen have hard spots in the flesh. The disease never takes the

form of soft rot.

The five trees were heavily loaded and almost every fruit was

affected at the time of our visit, July 20, There were no gum
pockets on the trunk or branches and no gum exudation of any

importance anywhere except on the fruit. The trees were 12

years old and standing in a garden where the soil was a rich^ deep
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clay loam. Since tlie variety was a choice one which the owner

desired to propagate extensively, the trees were cut back severely

in the spring of 1897 to induce a vigorous growth. In August

of the same year all wood available for buds was cut off; and in

each subsequent year the trees have been cut back in August to

get buds for propagation. With the exception of the gumming

of the fruit, the trees appeared healthy although they made very

little growth during the past two years.

What caused this gumming is not clear. It was certainly not

the work of any insect or fungus and probably not of bacteria.

At our request Mr. H. A. Harding, the Station Bacteriologist,

made Petri-dish cultures of the-diseased plum tissue on glucose,

lactose and peptone gelatin and lactose agar. In several of the

cultures no growth whatever appeared. In others, a few colonies

of fungi and bacteria developed, but they were of diverse kinds

and evidently foreign to the disease.

We suspect that it was partly the effect of the severe summer

pruning. Beach ^^ has reported a case in which summer pruning

of a cherry tree caused a severe gumming of the trunk; and in a

German periodical on plant diseases^s there is given an account

of some experiments which indicate that summer pruning of the

stone fruits is favorable to the production of gum. However, in

the present case there is certainly another factor to be accounted

tor: because an unpruned tree of the same variety in the same

garden showed traces of the disease as did, also^ some other

varieties there; and the same disease occurred in a mild form at

Geneva on German prunes which had, not been pruned to any ex-

tent for at least two years.

Miscellaneous Diseases.—Neither orchard trees nor nursery

stock were much injured by leaf blight {Cylindrospormm padi).

Black knot {PlowHghtia morhosajie a serious enemy of plums in

Western New York, but it did not spread much last season.

Double fruits of plum were common. We found a few specimens

of crown gall on nursery stock. No specimens of jplum pocket

"Beach, S. A. Gumming of Stone Fruits. Am. Gardening, 19 : 606.

"
Zeitschrift filr Pflanzcnkranklicitcn, 6 : 58-59.
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or leaf curl (Exoascus) or of scab {Cladosporium carpopliilum)

were taken. There is a disease of Japan pliimfi which resembles

peach jellows, but we have had little opportunity to study it.

QUINCE DISEASES.

Leap Blight and Fruit Spot {Entomospm^kim ntaeulatum

JAy).
—Correspondents report considerable damage done by this

disease; still we believe that it has been much less destructive

than usual. While .the fungus attacks the fruit as well as the

leaves it is on the latter that it does the most damage.

We have frequently observed that on quince leaves the Ento-

mospm^ium spots are of two sorts: (1) The typical sort, which

is brown, 3 millimeters or more in diameter and bears at the

center a black pimple, the acervulus, commonly visible only on

the upper surface of the leaf. Two or more such spots may
coalesce to form a still larger spot with two to several acervuli.

(2) Small black spots, each bearing a single black acervulua

which occupies nearly the whole of the spot and is usually visi-

ble on both sides of the leaf. Curiously enough the acervuli on

the small spots are somewhat larger than those on the large spots,

but otherwise they do not differ.

Canker and Black Kot (Sphwropsis malorum Pk.)
—Some of

the quince orchards are seriously affected with canker of the

trunk and larger branches. In April we found Spliwropsis

malorum Pk. fruiting abundantly on cankered limbs. There

seems to have been very little black rot of the fruit.

Powdery Mildew {Padosphwra oxyacantlim (DC.) D By).
—In

August we observed powdery mildew on quinces at Geneva and

Penn Yan. At the latter place it was abundant on nearly every

tree in a large orchard of young thrifty trees, but apparently it

was doing them no damage. We also observed traces of this fun-

gus on quinces at Geneva in 18&9.

It occurred only on the upper surface of the leaves and showed

a decided preference for the older leaves, rarely attacking the

young leaves of the new growth. In both these respects it is in

direct oantrast with the powdery mildew ob oherry, which ia
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believed to be the same species. As a rule, it is incon«picuous,

even when abundant and after the perithecia are formed.

Other diseases. Fire blight {Bacillus amijlovonis) did con-

siderable damage, but less than usual. Ko specimen of rust

{Gymnosporan(jium) was taken. Hailstone bruises cause brown,

corky spots in the bark like those found on other fruit trees.

EASPBERRY DISEASES.

Axthracnose {Gl(£ospoyium venetiim Speg.).
—It appears that

raspberry anthracnose gave very little trouble in 1900. Neither

the fruiting canes nor the new growth suffered much from its

attacks.

Anthracnose is much more destructive to the black varieties

than to the red ones; in fact, it is quite unusual for it to do any

serious damage to red raspberries.

During the past season we met with an interesting case in

which anthracnose was decidedly injurious to red laspberries of

the variety Cuthbert. However,the injury was of a very unusual

character. Knots of various sizes up to about two inches in

length made their appearance on the canes. The knots were

rough^ of spongy texture and often had a diameter twice as great

as that of the normal cane. (See Plate XXVI.) Our attention

was first called to them in November, 1899, and they puzzled us

exceedingly. The following spring we visited the affected plan-

tation and made a careful study of the knots without, however,

discovering their cause. The plantation was about one-half acre

in extent, and we estimated that 10 per ct. of the canes were

more ot less affected.

It was evident that the knots were not 'caused by any insect,

and there seemed to be no fungus present except theanthracnose

fungus, which was not, then, suspected of being the cause of the

knots. Although the anthracnose fungus is well known it has

never "been held responsible for knots on the canes. Similar cane

knots are sometimes associated witb spongy galls on the roots

(orown gall disease), but in this case it was found that root knots
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were rare while the eanc knots were plentiful, and it was plain

that no relation existed between the two kinds of knots.

On August 16 we again visited the plantation for the purpose

of studying the disease on the new canes. 'The knots were already

abundant on the new canes and in all stages of development. It

was at once observed that the knots were intimately associated

with anthracnose. Some of the canes were considerably

spotted 'with anthracnose and such canes were badly knotted.

Where anthracnose was most abundant^ the knots were most

abundant; and where there was no anthracnose, there were no

knots. One apparent exception to this rule was found. A cane

bearing a single incipient knot appeared to be entirely free from

anthracnose. This cane was placed over night in a moist cham-

ber, and the following morning a typical anthracnose spot was

seated on the very summit of the forming knot. Upon micro-

scopic examination the spot was found to be fruiting profusely

and was undoubtedlv anthracnose. The knots were most abun-

dant near the base of the cane and the anthracnose, also, was

most abundant on that part of the cane. Occasionally canes

were found bearing maii}^ anthracnose spots, but no knots. All

the anthracnose spots did not produce knots by any means.

Each knot seemed to start in an anthracnose spot. At first a

longitudinal crack appears across the anthracnose spot: this

crack elongates, becomes brown, and as the knot increases in

size the outer bark is gradually thrown off, exposing masses of

rough spongy tissue, which takes forms very suggestive of pop-

corn.

We have seen the same kind of knots, also, on the variety

Thompson on the Station grounds; and there existed the same

intimate relation between the knots and anthracnose as in the

case of the Cuthberts. It is plain that this cane knot of rasp-

berries is caused by the anthracnose fungus. Possibly Bailey's

blackberry cane knot^^ may have the same origin.

Rust {Puccinia peckiana Howe. Syn. Cwonm nitens Schw.).—
Rust is a common and destructive disease of black raspberries

'"Cornell Uiiiv. Agr. Exp. Sta. Bui. 99:427-428.
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in Western New York, and in 1900 it probably did about the

usual amount of damage. Plantations with 10 per et. of rusty

plants were frequent; and occasionally plantations were found

in which 25 per ct. or more of the plants were rusty. We
have often noticed in Western New York, as in the Hudson Val-

ley, that rusty plants bear fewer prickles. In Chautauqua

County the parasitic fungus Tuherculina persicina, was common

on raspberry rust as well as on blackberry rust. Where the

parasite was present the affected plants were less conspicuous,

the leaves being purplish instead of bright yellow.

In September the teleuto form was frequently observed.

Powdery Mildew {Oidium ruborum Rabenh.).—In several local-

ities we observed, during May and June, a powdery mildew on

the foliage of black raspberries. In every case it was confined

to plants infested by rust, CcBoma nitens, never occurring on

healthy plants. It occupies both sides of the leaves. No peri-

thecia were found. It is probably referable to Oidium ruborum

Rabenh. The same mildew has been found on blackberries.

(See page 185.)

Cane Blight {Coniothi/riuin sp.).—This is the cane blight de-

scribed in Bulletin 167, pages 305-307. It has been found to be

common in the raspberry plantations of Western New York as

well as in the Hudson Valley. At Peruville it injured a crop of

Cuthberts to the extent of about 50 per ct. On black varieties

it often begins its attack in the dead stub which results from

heading back the plants by cutting after they have become large

and woody. From this point the disease works its way down-

ward killing successively the lateral branches.

It has now been proven by inoculation experiments with pure

cultures that the Sphoeropsideous fungus found in such abun-

dance on the diseased canes is really the cause of the disease.

(See Plate XXVII.) The fungus properly belongs to the genus

Coniothi/rium rather than to PJioma as stated in Bulletin 167.

As a rule, the spores are decidedly brownish.

We have also learned to recognize the disease on the young
canes. In August and September new canes of red raspberry



Plate XXVI.-Raspberry Cane-Knot Caused by Anthracnose: 1, On Old
Canes; 2, On Xew Canes.





Plate XXVII.—Raspberry Cane-Blight: i and 3, Natural Infections;
2. From Artificial Inoculation.
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affected by the disease show brown, black or bluish discoloration

of the bark in areas from one to four inches long and extending

half to two-thirds or more of the way around the cane.

This raspberry cane blight appears to be an important disease

which has been misunderstood by fruit growers and neglected by

pathologists. It will be made the subject of a special investiga-

tion during the coming season.

Other Diseases.—I^af spot (Septoria ruii) was common but

did little if any damage. Crown gall is common and often de-

structive. In this State crown gall is probably more destructive

to the raspberry than to any other plant. It is particularly

destructive to the red varieties; for example, Cuthbert and

Loudon.

Occasionally one meets with raspberry plants on which the

foliage is yellow, dwarfed and curled. The cause is unknown

to us.

STRAWBERRY DISEASES.

The only strawberry disease observed in 1900 was leaf blight

(Sphwrella fragario)) a little of which could be found in almost

any strawberry bed, but it does not appear to have been destruc-

tive anywhere.
14
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COMMERCIAL FERTILIZEES FOR
POTATOES. Ill*

W. H. Jordan.

SUMMARY.

(1) Experiments in potato growing conducted for four years

on four Long Island farms with fertilizers varying in quantity

from 500 lbs. to 2,000 lbs. per acre show that on the average the

largest profit was realized from the use of 1,000 lbs.

(2) The so-called Long Island formula, 4, 8 and 10, proved to

be superior to a potato formula, 7, 4 and 10.

(3) Experiments with varying quantities of potash gave results

which do not justify the use of such large quantities of this in-

gredient as are now being applied in potato growing by many

Long Island farmers whose conditions are similar to those under

which these tests were made.

(4) It is clearly evident that a large supply of available plant

food does not necessarily insure a satisfactory crop. Other con-

ditions which largely pertain to culture, such as texture, humus

and water supply, exercise a controlling influence, and when these

conditions are unfavorable their effect is not overcome by heavy

applications of fertilizer.

INTRODUCTION.

Experiments in the use of commercial fertilizers in growing

potatoes were begun on Long Island in 1895. Tlie results pre-

viously reached have been reported in four bulletins, Nos. 93,

•Reprint of Bulletin No. 187.
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1:l', 1::7 ;iih1 ir.l. TIic (I;i|;i sccmrd ill |S!)!> ;m(l l!l(l(l iirc oivcii

Iktcu i( li, l(»j;<'lli('r willi ;i siiiiiiiuiiv ol' llic (tiilcoinc of (lie six

v<';ii s' (»lisi'i\ ;i( ions.

The iiriiiiiiiv objecj of llicsc cxpcriniciits \v;is lo j^iiiii iiironiia-

lidii comciiiiii;^' (lie (|ii;iii(ilv of rcililizcr wliicli is pi'dlilahlc ill

|:(ilnl() |ii(i(lii( I ion uiuicr llic coiHlilioiis vvilli wliitli l;on^ Isliind

fanners Iimvc lo deal.

(MIkm- prohli-ins incidcnl.il (o llio ninin one, hiij pci'liiips (-(lually

iinp'Oi'laiil or more so, siicli as (1) (lie iiiosi cnit-icnl inixhire of

in^icdicnls, ("_') I lie iicccssily lor a j^ciicroiis use of |»olasli in

jiolalo j^rovvinj;', (.'{) llic cllccls (d' llic ditVcrciil Tornis (d' polasii,

(4) llic possibility ol" (•oiiliinioiis crojipiii};' when only (oiiiinercia 1

i'crlili/cis are applied lo llic land and (H) llic essential ladors in

ferrdily, may be sliidi<Ml in (he lij;hl ol' I he observed dala.

TLAN OV MXrMKlMKNTS.

'riic exjjei'iineiil (d' IS!)."! and IS!I(! was condiicled on llic farm

(d' II. \j. llallock, .lamesporl. Twciily six ]tlals, about oni'-ei<;h|h

of an acre cacdi, were nsed. Ten dilTcrciil brands of ferlilizcrs

were apjdicd, each supposed lo be especially adapted lo |)olato

j;r,iwiii^, in (|nantities of l,(M»(> lbs., I,.")!)!) lbs. and LMMMI lbs. per

acre. TIk' several brands contained from L'.(i to 1.5 per cl. of

nitrogen, fioni (> to !I.S |)ei' cl. »d' available ])liosphoric acid and

from (l.l! to ILT) per cl. (d' ]>(dasli.

In ISDT ex|t('rinienls were instituted on four (juile widely sop-

aiated farms on l.on^ Island as follows:

W. A. I'Mcet, (Mil(dio,-;ne.

. 1 1. L. I lallock, dames.;ior(.

\\'. I., dajij^cr, Southampton.

K. 11. liobbins. KasI Willislon.

For the tirsi year tw.. acres of land wcro utilizod on onch farm

and in 1S!)S another acr(> was added in each locality. The total

number of plats in 1S!>7 was SO and in 1S!)S, IS!)!), and !!)()() i| was

120, tlu' plats beiii;;' onetenth acre in si/.e. 'riieic were lliere-

f(U'e 'M) plats on eaidi farm, and Hie Irealnieiit be<;nn the lirst

vear was (.'ontinued nniformlv thioii^honl llie four vears.
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Fi<:irriiJzi<:Ks uskd.

The piirposos of jlicsc cxpciiiiK'nIs as iiiiallj arranj^cd rcciiiirctl

tlic use of cijilit (lillciciil niixhircs of fci'l ili/.in^ nialcrials, (lie

iii};r('(li(*n(s and coinposil ion (»f wliicli arc ^ivcn below.

TIh' several form n las were made up by mixing' (oj^elliei" varyinj^

(piantilies of nilrale of soda, di'ie<l blood, acid phosphate and

eillier Ihe muiiale or Ihe snljdiale of |Mdash.

It was intended llial appi'oximalel.v one foiiilh of Ihe ni(ro^<.'n

fni'nished by (hese mixlures should be nilric, and (hree fourlhs

(M'fianir, nilro;^('n. TIk' mannfaci nreis win* mixe<i Ihe feilili/ers

were also insliMicled llml Ihe phosphoric aciil sliould be as lar<;(dy

soluble as possible. Analyses of (he four mixlures showed (hat

I hese condilions were s<'cui'ed.

rOTATO KOIIMTTLA.

Tliis f()rmula is suj>|Hised lo conlain plan! foods in nearly <he

]»roj)orti()ns used by (lie enlii-e |to(alo plant c.xceittin^ that the

jdiosplioiic acid is in ((Uisiderable <'xcess. The [)roiH)r(ion of

ingredien(s was appr-oxinia(ely the following;':

doniixisilidii of I'oldio h'oninihi.

Nitr();4t'ii 7.0 per ct.

Av:iil;il)U' i)lios. acid. 4.0 "

I'otasii 10.0 "

Two mixtures were used under this formula: No. 1, in whi(di

the potash was su|»|)lied as the muriate, and No. 2, iu wlii(di it

was furnished us Ihe sulphati'.

L. I. FOItMTTLA.

This formula is Ihe one so c(»mmonly followed by clubs of

farmers on Lon^ Island who purchase their fei't ilizei's on the

co()|»erat ive plan. It was made up from the same materials as

the potato formula, mixed in dilVcrent proportions.

CtiiniKtsilioii of li. I. I'oninild.

NilroKcii 1.0 per ct.

Avallahic plios. acid. S.O "

Pdlasli 10.0 "

As with the ])otato formula, the L. I. formula was made u])

in tw(» mixtures, \o. )*> containing; the potash as the muriato,

and No. I, as tlu' sulpha te.
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POTASH TEST FORMULAS.

These formulas were compounded from the same materials as

the two already described, the potash varying from nothing in

No. 1 to 10 per ct. in No. 4.

FOKMULA NO. 1. FORMULA NO. 3.

Composition. Composition.

Nitrogen 4.0 per ct. Nitrogen' 4.0 per ct.

Available plios. acid... 8.0 " Available pbos. acid... 8.0.
"

Potash 0.0 " Potash 7.0 "

FORMULA NO. 2. FORMULA NO. 4.

Composition. Composition.

Nitrogen 4.0 per ct. Nitrogen 4.0 per ct.

Available phos. acid... 8,0 " Available phos. acid... 8.0 "

Potash 3.5 " Potash 10.0 "

The arrangement and numbering of the plats, and the amounts

and kinds of fertilizer were the same on each farm. Below can

be seen the relation between the number of the plat and the

amount and kind of fertilizer:
;

FERTILIZERS APPLIED ON PLATS.
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GENERAL CONDITIONS ATTENDING EXPERIMENTS.

if is seen by referring to Bulletin 137 that the crop of 1897

was planted on timothj sod in two cases and on corn stubble in

two.

Nothing in the way of organic matter was added to any plat

for the first two years of the experiments. In 1898 Fleet and

Hal lock sowed crimson clover after the potato crop was har-

vested and Jagger sowed rye. In neither case did the clover

amount to much. The rye, on the plats receiving 1,000 lbs. of

fertilizer per acre or over, had made a thick growth of four

inches in height when it was plowed down on April 2, 1899.

In 1899 crimson clover was sown on all four farms after the

potatoes were dug.

On Fleet's farm the clover winter-killed considerably, and

where it did not the growth was rather small. Hallock reported

a heavy growth in the fall which was continued in the spring

until plowing. The clover made a slendid sod in Jagger's field

excepting where grasshoppers worked, on which part rye was

sown with success. Robbins sowed the clover seed rather late,

but the plants made a fairly good catch, and when plowed under

in the spring covered most of the ground.

Reference to the figures for the yield of potatoes in 1899" shows

that the crop was very small and in marked contrast to the crops

of the two previous years. This is explained by the severe

drought which prevailed all over Long Island during the growing

season for early potatoes. The crop for 1900 was larger but not

satisfactory.

It should be said that these fields of potatos were under the

care of experienced and reliable farmers, and were given the care

believed to be essential to successful potato growing.

EXPERIMENTS IN 1899 AND 1900.

In the following tables are given the results in detail of the

yields of potatoes during 1899 and 1900. Similar data for 1897

and 1898 may be found in Bulletins 137 and 154,
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DISCUSSION OF RESULTS.

The data from these experiments, which have been very fully

given in this and previous bulletins, bear upon three main points

which are important to Long Island potato growers, or those

producing potatoes under similar conditions: (1) The relation to

profit of the quantity of fertilizer applied; (2) the most desirable

mixture of fertilizing ingredients, with especial reference to (3)

the necessary amount of potash.

THE QUANTITY OF FERTILIZER.

For profit.
—The experiments conducted by Dr. Van Slyke in

1895 and 1896 led to the conclusion that " the use of over 1,000

pounds of fertilizer an acre under the conditions tried was

attended with loss, as compared with the results obtained in

using 1,000 pounds of fertilizer."

The results from 1897 to 1900 inclusive are summarized in the

following table:

Table IX.—Increase of Yield of Potatoes from Different Quantities
OF Fertilizer, Four Years.

Amonnt
ot

fertilizer

per acre.

Lbs.
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Amonnt of fertilizer

per acre.
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4
^

Table XI shows the relation between the quantity of plant
food needed for the increase of crop and that applied in the

fertilizers.

Table XI.—Feetilizer Elements in Fertilizers and in Crop Increase

Pbodxjced.

Amonnt
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must be due to its greater proportion of phosphoric acid, even

though both mixtures supplied this ingredient in large excess

above the needs of the crop. This leads to the observation that

we are still much in the dark concerning the recoverableness of

the compounds which we apply to the soil in fertilizers.

THE NECESSARY AMOUNT OF POTASH IN GROWING POTATOES.

In some way farmers have come to believe that the potato

plant demands heavy feeding with potash. This view has found

expression in the so-called "
potato fertilizers

" which are offered

to potato growers in great variety of-name and composition, the

characteristic feature of which is their high percentage of potash.

Just how rational this common notion is, is a matter of doubt.

Potatoes are not alone in utilizing potash freeJy during growt|i,

and its probable that this crop is not greatly unlike many others,

including roots and forage crops, in its fertilizer requirements

under given conditions.

Some years ago, many farmers on Long Island came to regard

a generous use of potash ae advisable in potato culture, and the

4, 8 and 10 formula was adopted. On what experimental data

this conclusion rested, the writer is not informed.

In 1898 experiments touching this point were begun on the

four farms mentioned and the same method of treatment has

been continued on the same plats for three years. The results

are summarized in Table XIII.
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In 1898, the first year, when the yield of potatoes was fairly

large, the entire absence of potash from the fertilizer was with-

out iuiiuence on any one of the four farms. Forty pounds of

nitrogen and eighty pounds of phosphoric acid per acre without

potash caused! as large an increase of tubers as when accompanied

by one hundred poundis of potash. In the two succeeding years,

while the erops were small on all plats, potash either in small or

large proportions had little effect. It must be conceded that up

to the point to which these experiments have been carried, nitro-

gen and phosphoric acid, one or both, were the ingredients upon

which dependence could be placed as a source of profit.

Experimental results no more extensive than those herewith

reported should not be taken as justifying the exclusion of potash

from commercial fertilizers. This is in any case a local question.

There are good reasons for inquiring, however, whether, consider-

ing the capacity of our soils and in view of considerable experi-

mental data, the importance of potash salts has not been some-

what overestimated by Long Island potato growers.

PRACTICAL LESSONS TAUGHT BY THESE
EXPERIMENTS.

It seems to the writer that practical lessons of great value may
be drawn from the results of these experiments. In the first

place, it is clearly shown that the use of very large quantities of

commercial plant food is attended with great financial risk unless

all conditions of soil and season are favorable. But even when

the best conditions prevail, the largest crop which may be secured

by a very liberal application of fertilizers is not necessarily the

most profitable. The money balance from a medium crop may
often be larger than fro^m a maximum yield for the reason that

the fertilizer cost per unit of production increases very rapidly

after the production passes a certain point. It is only with very

high priced crops that excessive feeding is justifiable from the

standpoint of good business management.

Again, it is well worth much time and careful observation to

discover the needs of a soil upon which commercial fertilizers are
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to be 'Continuously used. The outcome of extensive experiments

for four years on four farms presents good reasons for question-

ing the wisdom, under the conditions involved, of applying more

potash on potatoes than any other ingredient. It is now a trite

statement, but a true one, that each farmer must discover for

himself the fertilizer needs of his farm. Such experiments as

these are suggestive, but the results are put to their be^ use

when they serve as the basis for similar observations by indi-

vidual farmers.

One fact, no less important than any other mentioned, to which

these experiments point, is that the proportion of available plant

food in the soil is only one factor in crop production. It is not

enough that a plant have within reach all the raw materials

from the mineral world that it needs for luxuriant growth. Its

environment must be congenial both in the soil and out of il^

if the raw materials are to be appropriated to the maximum

extent. This means that soil texture and warmth, conditions

which are largely dependent upon culture and the supply of

humus, must be given careful attention. The result of neglect-

ing these conditions can never be fully overcome by the liberal

purchase of fertilizers.



THE SUBSTITUTION OF SODA FOE POTASH IN

PLANT GROWTH.*

W. H. Jordan and C. G. Jenter.

SUMMARY.

Experiments relating to the possibility of substituting soda

for p'otasli in plant growth have been carried on during two

years, with the following results:

(1) A deficiency of available potash greatly depressed the

growth of the plant even in the presence of an abundant supply

of soda salts. A lack of soda in the presence of potash sufQcient

for the plant's needs seemed to have no deleterious effect what-

ever npon growth.

(2) Plants to which the necessary supply of potash was not

accessible took up more soda than when potash was present in

abundance. Soda may be substituted for potash in quantity

when the latter is lacking.

(3) While the substitution may take place in quantity, it evi-

dently cannot do so in function, as is shown by the limited

growth when the plants were deprived of potash, even though
soda was appropriated in increased proportions.

(4) The experiments incidentally suggest the view that the

real need of plants for certain essential mineral constituents is

not even approximately measured by the proportions of these

constituents which the plant takes up.

Reprint of Bulletin No. 192.
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CHEMICAL ELEMENTS IN PLANTS.

One of the qiiestionis wliich early engaged the attentionl of

chemists 'and plant physiologists was the determination of the

number and function of the elements necessary for the growth
of plants. Numerous investigations, few of which have 'been

conducted within recent years, have, witbout question, justified

the conclusion that at least eleven elements are essentially' in-

volved in the normal development of agricultural plants.

Whether or not certain others, ordinarily found in vegetable

ti£isue, are requisite to the functions of plant life, or at least to

its well being, is a question which so far does not appear to have

been definitely settled. Moreover, concerning the necessary pro-

portions of the mineral ingredients of plants no satisfactory con-

clusionis seem to have been reached. It does not jet appear,

for instance, that, because wheat takes up sodium, this species

of grain must have this element in order to attain full develop-

ment, or that when a certain quantity of potassium is found in

a particular wheat crop, less of this element might not have met

all requirements. Our present state of knowledge allows us to

infer that a plant in appropriating raw materials for construc-

tive purposes may exercise a selective power not strictly in ac-

cordance with its exact needs. It may possibly absorb materials

unnecessary either in the kind or in the quantity used. Notwith-

standing all this, it is clearly established that all the elements

of the organic part of a plant are absolutely essential to growth

and that in the absence of some of those found in the ash, growth,

if it takes place at all, goes on abnormally.

POTASH AND SODA.

Since the earliest investigations of thirty years ago or more

it has been taught that agricultural plants cannot attain normal

development in the absence of potash. Concerning the essential-

ness of soda to plant life, more or less doubt still exists. It is

generally believed by agricultural chemists that if it is necessary
at all, only minute quantities are needed. While these views
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represent the consensus of opinion among scientific men at the

present time, current popular thought has been thrown more or

less into confusion on these points by recent newspaper discus-

sions over the substitution of soda for potash in feeding plants.

This discussion was started and largely maintained by the late

Andrew H. Ward and. aided by the press, he so persistently

exploited his belief in the possibility of this substitution to the

advantage of the farmer that he made more or less impression

upon the views of the agricultural public. This writer wa« a'ble

to present little or no experimental proof of his position, his

arguments being largely assertions. In view of the situation it

was thought wise to institute experiments touching thie matter,

not because of anything new in the scientific evidence advanced

which should cause the question to be reopened, but rather to be

able to throw into the argument more experimental data of

recent origin. It is desirable before presenting the plan of these

experiments and the results obtained, to review somewha.t briefly

the evidence furnished by past investigations, without attempt-

ing, however, to compile a monograph on the subject.

RESULTS OF PREVIOUS INVESTIGATIONS.

W. Knop^ concluded in regard to the growth of maize that in

the first period of growth the plant may get along without soda,

yet for the full development of the plant, soda must be added to

the plant food.

HellriegeP studied the potash need of barley, using
"
quartz

sand almost potash-free," and potash salts in quantities from

to 282 parts per million of soil. He found that 47 parts per

million was sufficient for the maximum growth. The use of

larger amounts of potash did not seem to cawse a greater yield,

but the potash was taken up by the straw in larger proportions.

Nobbe, Schroeder and Erdman^ found that in a nutritive solu-

' Abstracted in Jahrh. f. Agr. Cliem., 4 : 127.

^Abstracted in JaJirb. f. Agr. Cliem., 10 : 117.

^Laudic. Vers. Stat., 13 : 321 and 401, abstracted in JaJiri. f Agr. Cliem.,

14 : 104.
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tion, complete with the exception of potash, the plants grew no
better than in pure water. There was no assimilation and no
actual growth, because without the action of potash no starch is

formed in the chlorophyl bodies.

Potassium chloride was found to be the best form of potash
for buckwheat, the nitrate being next in usefulness. If all the

potash is given in form of sulphate or' phosphate, there will

develop sooner or later a disease, due to the "
passive accumu-

lation " of starch; which is not transported so that it may be

of use to the plant.

Sodium and lithium could not replace potash. While the

sodium was simply useless for the plant, the lithium in the cell

sap had an injurious action on the plant tissues.

M. Mercadante^ grew oxalis and rumex without potash. The

plants did not bear fruit or flowers. The sap contained about one-

eighth the free acid found in a normal plant. Besides the oxalic

acid the sap also contained tartaric acid, both being in combina-

tion with lime. Only small amounts of sugar and starch were

found in the sap.

A. Pagnoul^ reached the conclusion that ash of potatoes, fer-

tilized with both soda and potash salts, did not contain even a

trace of soda. The roots assimilated the potash but none of the

soda.

M. Georges Ville^ studying the action of salts in quartz sand^

says in regard to potash: ''As soon as this alkali is lacking in

the soil, the plant suffers greatly; the stalk, instead of growing

vertically, bends as if it wanted solidity. It does not die, how-

ever, but the yield scarcely reaches 92 grains." The complete

fertilizer gave 337-400 grains.
'^ From a chemical point of view the closest resemblance exists

between potash and soda,
» but to the plant there is

a vast difference, for in the experiment in which the potash was

suppressed, and where vegetation suffered so much, the soil was

*Jahr}>. f. Agr. CJiem., 18 : 257.

*Comptes rendus, 80:1010, abstracted Jahrb. f. Agr. Chem., 18:25a.

•Artificial Manures, p. 154.
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largely provided with soda. It is, then, an acknowledged fact

that soda cannot take the place of potash."

Oscar Loew' states that: "The paramount importance of

potassium salts for every living cell is firmly established.
*

These salts can never be replaced by lithium or sodium salts,

but in certain fungi they may be replaced to a limited extent

by rubidium or caesium salts.
• The fact that many

kinds of plants have been raised to perfection in the absence of

sodium salts proves that the latter have no indispensable func-

tions to perform in plant life.
*

Nevertheless, sodium

salts may sometimes exert a beneficial action, and several observ-

ers ascribe to them a promoting action in the ripening process

of the Graminese." *

In regard to rubidium chloride be sums up some experiments

as follows: "These experiments proved that it is impossible to

raise normal seed-bearing buckwheat plants when the potassium

chloride in the culture solution is replaced by rubidium

chloride, but on the other hand they left hardly any doubt that

rubidium chloride can serve for certain physiological functions

of which sodium chloride is utterly incapable. With rubidium

chloride, buckwheat plants may reach a dry weight of even

thirty-seven times that of the seeds, but with sodium chloride

they seldom reach over five times. In a normally raised plant,

however, the dry matter may be over six hundred times the

weight of the seed."

A. Atterberg^ carried on experiments with sodium. The fact

that sodium is a common constituent of the ash of plants, led

the author to test the question whether this element might not

be capable of replacing in part other similar plant constituents,

especially potash. Two series of experiments were made with

black Tartarian oats, grown in pots filled with quartz sand and

watered with nutritive solutions containing soluble plant food.

Different amounts of potassium were replaced by like amounts

'U. S. Dept. Agr., Div. of Veg. Phys. and Path, Bui. 18.

'Sodium as a Plant Nutrient. Deut. landw. Presse., 1881, p. 1035, ab-

stracted Exp. Sta. Rec, 3 : 554.
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of sodium in one series and by calcium in another, the hitter

receiving no sodium. From the outcome of the experiments the

author concludes;
" These results clearly show that sodium may

fill a very important function in case of a deficiency in potas-

sium and that it is therefore not to be regarded as an altogether

useless plant constituent."

Extensive field experiments
" On the substitution of soda for,

and its value in connection with, potash
" have been carried on

at the Rhode Island Experiment Station^ since 1894. At the

beginning, potash and soda were substituted for each other in

different amounts and proportions, on 48 sixtieth-acre plats.

Eleven varieties of plants were grown on each plat. The

results indicate that soda is inferior to potash, the yields being

greater by using potash without soda than by using soda with-

out potash. Where potash in increasing quantities was added

to a full amount of soda the yields generally increased; with

increasing amounts of soda added to the full amount of potash

less satisfactory results were obtained.

In 1895 the results^° confirmed those of the first year.

The results^^ for 1896 were summarized as follows: "The

inferiority of soda in the absence of potash, as compared with

potash in the absence of soda, has become more strikingly mani-

fest from year to year, in each of the three years of the experi-

ment. * » * The addition of increasing quantities of potash

to the full soda ration has increased the crop, in the order of the

increased application of potash in each instance. Soda added

to the potash ration has this year for the first time given indi-

cations of the probable usefulness, which if not incidental can

only become strikingly manifest, if at all, as the depletion of

the assimilable potash on the soda plats increases."

'On the Substitution of Soda for, and its Value in Connection with,

Potasli, H. J. Wheeler, J. D. Towar and G. M. Tuclver. R. I. Agrl. Expt.

Sta. Rept. 1894, pp. 168-182; abstracted Exp. Sta. liec, 7 : SiO.

'"R. I. Agrl. Expt. Sta. Rept. 1895, pp. 205-214.

"E. I. Agrl. Expt. Sta. Rept. 1896, pp. 221-241.
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In 1897 the authors gave a siimmai-yi^ of the general results

of four years' experiments. "It may be stated at this time

that, with each succeeding year, soda when used without potash,

has steadily deteriorated in its action when compared with the

results from plats manured Avith potash, but without soda.

" Where the soda has been added in increasing quantities to a

full potash ration, little or no benefit from its use has been

apparent. On the other hand, the addition of increasing

quantities of potash to a full soda ration has, especially in the

last two years, been attended with most marked gains."

The r-esults^s fQj. f]^Q year 1898 are stated to " show the marked

inferiority of soda when used without potash as compared with

potash when used without soda.
* * When the potash sup-

ply was reduced to a quarter ration the soda proved quite elfec-

tive. When the potash supply was equivalent to half and three-

quarters rations, the soda seemed to be far less effective than in

1897."

Dr. M. Stahl-Schroeder^* in 1898 gives the outcome of his experi-

ments and reviews the work of others:

Hellriegel showed that the sugar content of the beet is closely

related to the potash content of the fertilizer.

Mathieu de Dombasle claimed, in 1839, that salt had no fertil-

izing value. Birner and Lucanus,i^ in 1866, on the other hand,

found a slight beneficial action. Wolflf,i^ 1868, came to the same

conclusion, yet states that it might have been possible for the

soda used to contain traces of potash.

Deherain " stated that soda cannot take the place of potash,

but simply has an indirect action by helping to make some of

the unavailable potash in the soil available for plant growth.
Jamieson^s also found that soda cannot replace potash.

"R. I. Agrl. Expt. Sta. Kept. 1897, pp. 22G-240.

^''R. I. Agrl. Expt. Sta. Rept. 1898, p. 137.

^^Jour. Landw., 47 :49; abstracted in Exp. Sta. Rec, 11 : 35.

^^Landw. Teis. Sta., 7 and 8.

^'Land. Vers. Sta.. 10.

"Bicdermann's Uentralbhttf, 11884, p. 424.

^^Biedermami's CentralhJatt, 18SG, p. 249.
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Pagnoul^^ decided that a plant may take up soda, yet in plants

grown with soda, the potash content was three times as large as

that of soda. Plants which received only potash contained no

soda or at least not more than traces. Oats, he stated, will not

take up soda as long as there is potash present, yet in case of a

shortage of salts of the latter, soda may have a beneficial action.

Paul Wagner^o concluded from experimental work that soda

may have an essential influence upon the development of the

plant, and that the crop may be increased almost one-half by

using salt with a potash fertilizer; but it is impossible for soda

to perform all the functions of potash in plant growth.

Maercker^t^ gave results showing the beneficial action of

sodium and magnesium chloride when applied with potash in

the Stassford salts.

The author's (Stahl-Schroeder) own work was planned first

to gain some light on the question of the presence of soda in

plants and second to determine the possibility of partially replac-

ing potash by soda in plants.

Working with the oat plant he found soda present in prac-

tically all cases even with a large supply of potash in the fer-

tilizer. This was true of roots, straw and grain.

To solve the second question the author resorted to pot experi-

ments growing peas, oats, carrots and buckwheat in Wagner's

vegetation pots, using a potash-poor peat soil. All the pots

received phosphoric acid, lime, nitrogen and magnesia. In addi-

tion two pots in each set received two grams potash and two

two grams soda. The increase of the weight of the crop was in

all cases so small, when using soda, over the pot receiving

neither potash nor soda that the action, either direct or indirect,

of the soda is certainly not worth considering.

Chemical analysis of the crops receiving neither potash nor

soda showed a low percentage of potash and as a rule a larger

percentage of soda. With the pots receiving potash this was

^^Biedermann's CentralbJatt, 1895.

""Die Stickstoffdungung der landw. KulturpAanzen. Berlin : 1892.

*^ Arheiten der dcvtschen Landwirtschafts-Gesellschaft, 20.
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reversed. With the pots receiving soda the proportion of potash

was but slightly higher than in the first series, but rather more

soda was present. The percentage of lime and magnesia seems

to increase with the decrease of potash and vice versa.

Dr. Augustus Voelcker,^^ has conducted l\eld experiments with

crude German potash salts and common salt on mangolds.

Mangolds were grown upon a light sandy soil, the first series of

plats receiving no fertilizer, the next common salt and the third

crude potash salts, containing 24 per ct. Kg SO 4, 12 per ct.

MgSO^, 47.8 per ct. NaCl.

In speaking of the yield the author says:
—"

Making due allow-

ance for the natural variation in the productive powers of dif-

ferent parts of the same field, common salt, it will be noticed in

every instance, gave as good results as an equal weight of the

more expensive crude potash salts. The larger dose of salt pro-

duced a greater increase than the smaller."

"As the crude potash salts used contained twice as much

common salt as sulphate of potash, and common salt gave as

much increase as an equal weight of crude potash salts, it is

more than doubtful whether the potash in the latter had any

share in increasing the crop on the plats dressed with crude

potash salts."

A study was made by Smets and Schrieber^^ of the potash

needs of various Belgian soils as well as the possibility, of the

replacement of part of the potash by soda. On some soils the

soda seemed to have no action; on others if the potash content

was not too small there was an increase of the crop. In the

presence of a larger quantity of potash the soda seemed to have

no action.

Prof. S. W. Johnson^* in making what is undoubtedly a very

just review of the data bearing upon the use of potassium and

sodium by plants, places potassium as among the elements

absolutely essential to the life of agricultural plants. Concern-

ing sodium Prof. Johnson says:

"Jowr. Royal Agr. Soc, 3: 86 (1867).

*'Biedermann's CentraWatt, 28: 227. (1898.)

"How Crops Grow.
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"
1. That sodium is never totally absent from plants; and that

"
2. If indispensable, but a minute amount of it is requisite.

"
3. That the foliage and succulent portions of the plant may

include a considerable amount of sodium that is not necessary
to the plant; that is, in other words, accidental."

Concerning the replacement of potassium by sodium the same

author concludes '' that the sodium which appears to replace

potassium is accidental, and that the replaced potassium is acci-

dental also, or in excess above what is really needed by the

plant," and leaves us to infer that the quantity of these bodies

absorbed depends to some extent on the composition of the soil,

and is to the same degree independent of the wants of vegeta-

tion.

EXPERIMENTS AT THIS STATION.

These experiments were begun in the winter of 189S-1899 and

were continued in the winter of 1899-1900. They were carried

on in a forcing house devoted entirely to i^lant nutrition and

were in the immediate charge of Mr. O. M. Taylor, who gave the

plants the most painstaking care under conditions such as to

insure the experiments against errors and accidents.

THE PLAN AND DETAILS OF THE EXPERIMENTS.

Tlie soi7.—Plant feeding experiments with natural soil are in

some r-espects very unsatisfactory. With such a medium for

growth, even the most sterile that can be found, it is not pos-

sible to control the supply of plant food within desirable limits.

On the other hand no perfectly sterile artificial soil has been

discovered which presents conditions the most favorable for

plant growth.

In these experiments pure quartz sand has been used. This

was ground from quartz rock by the Berkshire Glass Sand Co.,

Cheshire, Mass. The degree of fineness admitted of the sand

nearly all passing through a sieve .025 inch in mesh. Tests of

this sand for phosphoric acid and potash gave no trace of the

former and an average of onl}^ .00078 per ct. of the latter.
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Plate XXVIII.—Barley in Potash-Soda Experiments, 1S98-99:

Fig. 1, Early Growth; Fig. 2, At Harvest.
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Plate XXIX.—Tomatoes in Potash-Soda Experiments, 1898-99:

Fig. 1, Early Growth; Fig. 2, At Harvest.
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Plate XXX.—Peas in Potash-Soda Experiments, 1898-99:

Fig. 1, Early Growth; Fig. 2, At Harvest.
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This material has shown no tendency to agglutinate and with

proper water conditions its texture has appeared to offer no

obstruction to free root growth.

The pots.
—The plants were grown in galvanized iron pots.

They contained 25 pounds of sand and 4 to 6 pounds of drainage

material, the latter consisting of quartz chips. Aeration was

secured by connecting the drainage with glass tubes extending

up the side of the pots above the sand.

Kinds and quantities of plant-food applied.
—The general scheme

of food supply may be easily understood, perhaps, through the

following form of statement:

OrJei- in the series. Method of treatment.

1 Received complete fertilfzer.

2 Received complete fertilizer, soda excepted.
3 Received complete fertilizer, potash excepted.
4 Received complete fertilizer, potash and soda excepted.
5 Received only nitrogen.

6 Received nothing.

This arrangement was adopted wholly with reference to studj''-

ing the influence upon the plant of depriving it of all but a very

limited supply of potash, or of soda, or of both potash and soda,

when all other compounds necessary for growth were present in

suflScient quantities. Outside of these variations, conditions

were made as uniform as possible.

The tabular arrangement which follows shows very clearly

the kinds and quantities of compounds added to each pot in the

series of six.

Table I.—Kinds and Amounts of Fertilizing Materials Added to

Each Pot.
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Calcium carbonate was added in a quantity entirely sufficient

to neutralize any possible acidity which might arise from the

use, by the plants, of bases in excess of the use of acids from

the various salts. This caused the reversion of the acid phos-

phate, of course, but did not thereby render the phosphoric acid

unavailable.

In part of the experiments of 1899-1900 the ammonium nitrate

was replaced by calcium nitrate. The various salts used were

supposed to be chemically pure. It was discovered, when too

late, that some of those used in 1S0S-1S99 were not strictly free

ifrom potassium, and for that reason in the first year's experi-

ments all of the first four boxes in the series received more or

less potassium outside of that derived from the water and sand.

In the second year's work the chemicals are regarded as having

been strictly free from potassium.

It is not at all certain that the compounds used to feed these

plants were the best in kind and proportion that could have been

selected for promoting thriftiness of growth. Unquestionably

the plants did not thrive as they would under usual forcing

house conditions, but whether this was due to the peculiar

character of the soil or to a lack of adaptation on the part of the

food supply is not known. Probably both factors exerted an

influence.

The icater.—The water used in these experiments was distilled.

It was not entirely pure, however. In the second year's work

(1899-1900) the water was taken to the forcing house in twelve

large lots and the percentage of potash was determined in each

lot. The quantity of potash present was found to vary from

-.0008 to .0074 gram in ten liters of water, averaging .002 gram.

As the amount of water applied per can did not exceed eighteen

liters in any case, the potash derived from the water per can

was not over .0036 gram. The water was applied according to

^he judgment of the one in charge of the forcing house.
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the experimental results.

The data secured include the growth of dry matter under the

various conditions involved and th-e proportions and quantities

of potash and soda in the plants. The diflSculties of accurate

soda determinations are well understood by chemists. In regard

to the figures given herewith it can only be said that all known

precautions against error were adopted.

Table II.—Geowth of Plants in the Potash

1898-99,

YIELD PEK BOX
<

*
s

Nnmber Fresh.
of , ,

Plant Food Supplied. box. Total. Fmit.

Barley (1). Grams. Orami.

Complete fertilizer 1.33 210. 35.5

All but soda 134 208.2 42.

All but potash 135 114.8 13.7

All but potash and soda. . , 13G 135.3 21,2

Only nitrogen 137 7.9

Nothing 138 20.2 1.7

Barley (2).

Complete fertilizer 130 219.8 33.4

All but soda 140 210,2 33.8

All but potash 141 109.6 10.8

All but potash and soda... 142 118.5 28.5

Only nitrogen 143 8 , 1

Nothing 144 16. 2.

Tomatoes (1).

Complete fertilizer 121 512,5 325.

All but soda 122 724, 478.

All but potash 123 85,5

All but potash and soda, , . 124 79.5

Only nitrogen 125 . 14

Nothing 126 .23

Tomatoes (2).

Complete fertilizer 127 543. 326.5

All but soda 128 677. 442.

All but potash 1213 167. 42.

All but potash and soda.. . 130 230. 77.

Only nitrogen 131 .03

Nothing 132 .19

AND Soda Experiments,
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YIKLD PBB BOX.

^irdry
t<jial.'

Number Freeh.

Plant Food Supplied. box. Total. Fruit.

i eas (1). Orams. Qrams. Qram.i

Complete fertilizer 109 249.5 4.5 57.1

All but soda 110 285.5 11.3 73.1

All but soda Ill 176. 15.8 42.5

All but potash aud soda.. . 112 187. 13.5 .53.3

Only nitrogen 113 9. 4.

Nothing 114 7.1 1.5 3.

Pea^ (2).

Coplete fertilizer 115 210. 12. 58.

All but soda 116 213.5 20.4 06.0

All but potash 117 169. 42.5 54.

All but potash ami soda.. . 118 182. 40. 58.

Only nitrogen 119 5.3 3.

Nothing 120 4.8 1.6 2.

PARTIAL COMPOSITION
AIK DRY CROP.

Moibt-
uie.

Per ct.

0.92

6.75

6.82

7.10

8.90

8.80

0.99

7.19

S.S6

8.49

9.65

9.25

Potasib. Soda.

(KjO.MNaaO.)

Per ct.

2.34

2.33

.27

.41

1.12

2.39

.33

.37

.55

1.28

Per ct.

1.49

0.73

2.77

1.09

1.02

1.67

1 . 89
.-—

. ( I

2.2.)

1.15

1.46

1.33

Table III.—Growth of Plants in the Potash and Soda Experiments,

1899-1900.

Plant Food Si-pplied.

Baiiey (1).

Complete fertilizer

All but soda

All but putasli

All but potash and soda. .

Only nitrogen

Nothing

Badnj (2).

Complete fertilizer

All but soda

All but potash

All but potash and sodii. .

Only nitrogen

Nothing

Barley (3).

Complete fertilizer

All but soda

All but potash

All but potash and soda . .

Only nitrogen

Nothing

NiiTTiliftr
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Plant Food Supplied.

Barley Roots (3J.

Complete fertilizer

All but soda

All but potash

All but potash and so,'a. .

Only nitrogen

Nothing

Tomatoes (1).

Complete fertilizer. .......

All but soda

All but potash.

All but potash and scd.;. .

Only nitrogen

Nothing

Peas (1).

Complete fertilizer

All but soda

All but potash

All but potash and scd.i. .

Only nitrogen

Nothing

Peas (2).

Complete fertilizer

All but soda

All but potash

All but potash and soda . .

Only nitrogen

Nothing

Number
of

box.
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Table IV.—Summary of Results for 1SG6-1899.

BARLEY.

Tield
of dry
matter

Plant Food Supplied. per pot.

Orams.

Complete fertilizer 69.5

Soda omitted 69.7

Potash omitted 30.8

Both potash and soda omitted. . 41.3

TOMATOES.

Complete fertilizer 44.8

Soda omitted 62.2

Potash omitted 13 . 7

Both potash and soda omitted. . 18.3

PEAS.

Complete fertilizer 53.5

Soda omitted 64 . 7

Potash omitted 44.4

Both potash and soda omitted. . 51.3

POTASH. eODA.

In per-
centage
of dry
matter.
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conclusions.

The conclusion that potash stands in a different and mucb

more important relation to the physiological needs of plants than-

d'oes soda cannot be evaded, and there is no reason for modifying^

the deductions drawn from the data of the early investigators.

A discussion of the substitution of soda for potash in plant

growth may be answered with reference to (1) substitution in

quantity and (2) substitution in function.

Suhstitutimi of soda for potash, in quantity.
—There is no ques-

tion but that in these experiments the dry matter of those plants-

having access to a very limited supply of potash and a free sup-

ply of soda contained a much larger proportion of soda than

where potash was present in abundance. The percentages of

soda where the potash was deficient were from one-half to five

times greater than where the salts of both alkalies were liberally

supplied. In this sense potash was substituted for soda. Limit-

ing the supply of soda did not effect an equal increase of potash,,

althongh tliere appeared to be a tendency in some instances to-

substitute potash for soda.

Siibstitution of soda for potash, in function.
—The most important-

question in this connection is, Did the increase m soda, taken

up by the plants make good the deficiency of potash by promot-

ing the growth of the plant to the same extent as the potash?'

In other words, Can soda be substituted for potash in function?

This question must be answered in the negative so far as these

experiments throw any light upon it, and the results here pre-

sented stand in entire accord with the great mass of testimony-

furnished by previous investigations.

In these experiments the lack of potash was fatal to the vigor-

ous development of the plants. This is especially shown in the

results of 1899-1900 where the supply of potash was limited to a

verj small quantity. While the plant appropriated increased

junounts of soda when the potash was deficient, this seemed to be-

of no avail in making good the lack of potash. On the other

hand a lack of soda appeared to be no disadvantage whatever^

when potash was present in a sufficient amount.
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The nccessanj proportion of potash.
—Obsorvations which the

writer has made in watcliing the growth of ph^nts in pot culture

with kno'wn supplies of plant food has led him to inquire whether

the practice of computing the needs of a crop on the basis of

what it contains of potash and certain other ingredients is

rational. Does the plant need all the potash it takes up? If

not how much does it need? In the experiments of 1898-1899

the peas grew as rapidly and matured as fully with .146 grams

of potash per pot as with 1.4C2 grams. Many facts have come

to light which go to prove that the proportion of mineral com-

pounds taken up by plants is much modified by the soil supply

of these compounds. This being the case, what is the minimum

proportion necessary for the fullest development of the plant?

This is an important question. A crop of potatoes may with-

draw 100 lbs. of potash from an acre of fertile soil, but if 50 lbs.

would have been sufficient it is greatly desirable that the farmer

should understand the fact.

This problem is just now the subject of investigation at this

Station and it is hoped that by giving it extended study reliable

conclutiions may be reached.
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THE INFLUENCE OF THE TEMPERATURE OF

CURING UPON THE COMMERCIAL

QUALITY OF CHEESE.*

Geo. a. Smith.

SUMMARY.

Experiments have been carried on at ttie Station during 1899

and 1900, in which cheeses cured at temperatures common under

ordinary factory conditions were compared with similar cheeses

cured at lower temperatures.

Of the cheeses made in 1899 those cured at 60° F. and below

scored, on the average, almost 5 points higher on flavor and 2.5

points higher on texture, than those cured at 65° F. and above.

In 1900, the average difference in favor of the lower tempera-

tures was 5.1 points on flavor and 2.7 points on texture.

INTRODUCTION.

The importance of the dairy industry in New York has led

this Station to devote much attention to questions arising in

that great branch of agriculture. One of our leading dairy inter-

ests is the manufacture of cheese, this State producing about

one-half of the total amount made in the United States. Con-

sequently any change in methods by which the quality of this

product is improved or the cost to produce it is lessened, will

be of great financial benefit.

In all other lines of manufacture, competition has compelled

close study of details to insure economical production of prod-

ucts perfectly adapted to the market sought, each factor being

* Reprint of Bulletin No. 184.
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carefully examined by itself and in its relation to otlier factors

and to the finished product. In cheese production, however^

though it is a manufacturing enterprise and one of great impor-

ance, this busiuess-like, systematic study of details has been

given by very few makers. It will, perhaps, not appear so

strange that such is the case when we consider the development

of the cheese industry. The time is not yet very remote when

practically all New York State cheese was made in the home

dairy, no factories being in existence. Then it would be noticed

in a community that one farmer was more successful than his

neighbors in handling the milk from his herd, and secured a

better price for his products. To avail themselves of this

advantage from better management of the milk, these neighbors

turned over to this better qualified manufacturer the raw mate-

rial from their own herds. As the economy in handling products

in quantity became apparent, to say nothing of improvement in

quality, it led to a rapid extension of the system, until the fac-

tory business has grown to its present proportions and home

cheese-making has become almost a lost art. •

The entire procedure in successful cheese-making has been

founded, until within a few years, on tradition and good judg-

ment. Experience rather than a knowledge of principles has

been the maker's guide. At first the young man who had worked

for that successful dairy farmer long enough to acquire a thor-

ough knowledge of his methods was employed when a new cen-

ter of cheese-making was established; but the building of new

factories soon outstripped the supply of men well prepared to

manage them. So long as each factory could get for its head a

trained man of good judgment, thoroughly impressed with the

necessity of strictly observing the constantly varying conditions

of the atmosphere and well aware of the effect of these and

other conditions upon the quality of his product, these coopera-

tive factories were fairly successful. When the demand for

factories became greater, men competent to manage all of them

were not available; and the mediocre cheese-maker, handicapped

as he often was by his location in a factory poorly planned and
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cheaply constructed, could not produce first-class cheese. Good

cheese was still made by the masters of manufacture; but the

tendency of the entire output was toward deterioration in qual-

ity. This means lessened consumi)tion and lower prices.

These conditions still prevail to too great an extent, though

decided efforts have been made within the past few years, and

with some success, to restore New York cheese to its position

as the standard of quality in the great markets. The object of

the Station in publishing this bulletin is to point out at least

one weak point in the system of cheese handling as at present

conducted and to suggest a possible practical improvement.

EXPERIMENT IN CURING CHEESE.

GEiNERAL CONDITIONS.

Believing that it would be easy to demonstrate faults in the

present system of curing, we have carried on quite extended

work along this line. Conditions have been so arranged that

cheeses made practically alike could be cured at the tempera-

tures secured under average factory handling and at much lower

temperatures. Experiments made elsewhere^ on a laboratory

scale indicated that keeping the cheese comparatively cool dur-

ing the time of curing would give a better product; and com-

parison of the many cheeses in our tests, cured at different tem-

peratures, establishes the fact beyond doubt.

Making the Cheese.

The foundation of good dairy products is a healthy cow, in

sanitary surroundings, well fed, and well cared for, yielding her

milk to a clean milker, into clean utensils. These essentials we

sought to secure, then aerated and cooled the milk in good, pure

air as soon as possible after milking, and kept it till needed in

a cool, clean place. In making the cheese the following method

was used: As soon as the milk is received in the morning it is

heated to 84° and then tested for acidity, using the Marschall

»Wis. Agr. Exp. Sta. Ann. Rpt, 1897, p. 194.
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rennet test, the showing required in the test cup being four

spaces. This indicates an acidity which, under our conditions,

will mature the curd sufficiently for drawing the whey in about

two and one-half hours. With such an amount of acid at the

start, the curd will, at the end of the time given, show one-eighth

inch fine threads upon the hot iron.

In very few cases was the milk sufficiently
"
ripe

"
immediately

after heating to secure the best results as we handle it; there-

fore, carefully prepared sour milk was added in moderate quan-

tity. By this method the milk in a very short time reaches the

acidity required. We believe that, when the milk does not con-

tain quite enough acid, the addition of a sufficient amount of

sour milk to secure the proper degree of ripeness quickly is much
more satisfactory and safe than holding the milk until the acid

develops normally. If gas-forming bacteria are present in abund-

ance, holding the milk allows them to increase and doubles the

liability to "
gassy

"
curd. As soon as the milk shows proper

conditions by the Marschall test, rennet is added at the rate

of 2^ ounces to 1,000 pounds of milk, this amount of good rennet

extract being sufficient to coagulate properly ripened milk sa

that, with intelligent handling of the curd, the loss of solids

is as small as possible.

Tihe ourd is cut in about 30 minutes from the time the rennet

is added, using care to have the pieces of curd uniform in size

and fine enough to make a proper separation of moisture easy.

The stirring of the curd commences as soon as the cutting is

completed and continues, without increasing the temperature,

until the separation of water from the curd is well started. The

heat is then gradually increased, taking about one hour to reach

the extreme of 98° F. If at this point there is a sufficient sepa-

ration et water from the curd, so that the latter has a firm ap-

pearance and has reached such a stage of contraction that it does

not pack, and the heat is uniform throughout the mass, the vat

is covered and allowed to stand, the curd being occasionally

stirred to prevent matting together and to keep it even through-

out. Under these conditions, with proper acidity at the start,
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the hot iron test should show one-eighth inch threads in about

one h.our from the time the extreme temperature of 98° is-

reached; when the whey should be drawn and the curd piled on

the sides of the vat. When this curd has sufficiently matted, it

is cut into pieces four or five inches square and turned. The

turning is continued at short intervals until the curd is solid

and the unassimilated water has been thoroughly drained from

it. The curd may now be piled for a short time until it becomes-

mellow to the to'uch and has a flaky, fibrous texture. It is now

ready to be put through the cnrd mill, spread ont and properly

aired, and reduced in temperature to 82° to 84° before salting.

Two and one-half pounds of salt is used to 1,000 ponnds of milk

and the curd allowed to stand until the salt is dissolved and the

curd itself becomes silky in appearance; when it is put to press.

The time required for the entire process is from five to five

and one-half hours.

The details of the manufacture have been given in full so that

thoise who are familiar with cheese-making may see that the

cheeses thus made would promise good results when cured.

They were then placed in the curing rooms at different tem-

peratures and removed at various dates, for scoring.

RESULTS.

In studying the question it was necessary to plan the work so

that the differing temperatures in the separate curing rooms

shouJd be the only factors not alike in the manufacture and cur-

ing of the cheeses compared. The detailed plans of the cheese

curing rooms and the method of temperature control have been

given in a previous bulletin ;2 so the description will not be

repeated here, further than to say that each of the six iufialated

curing rooms can be kept automatically at a uniform temperature

at any point between 40° and 90° F. The refrigeration worked

in a very satisfactory manner. In each room cloth is suspended

in such a way as to be continuously wet; so that the percentage

'Bulletin No. 153 of this Station, pp. 307, 311.
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of saturation may be kept as nearly uniform as possible in all

the rooms.

Cheese made during 1899.—In 1899 four rooms were used, in

which the temperature was kept at 70°, 65°, 60° and 55° respec-

tively. The time of making, date of scoring and the markd

given each cheese are shown in Table' I, the scale of judging

being 50 points for perfect flavor and 25 points for perfect tex-

ture.' The scoring of June 20 was by M. T. Morgan, one of [he

experts of the State Department of Agriculture, that of Sept. 5,

by judges at the State Fair, and that of Oct. 16 by Jas. A. Brown
and Sons of Utica.
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From this table it will be seen that, without exception, of

cheeses made at the same time or a few days apart, those cured

at the lower temperatures scored higher. The difference was

less in texture than in flavor, but, with the high temperature of

70°, texture also was poor. Taking the average scores of the

cheeses cured at 65° and above, and at G0° and below, the latter

show a gain of almost 5 points in flavor and 2J points in texture.

Concerning the cheeses made July 31, and later sent to Utica,

Mr. Brown, the scorer, says: "The cheeses all good; the 55° F.

very fine."

On September 20, 1809, a lot of cheese was made from milk

containing 5 per ct. of fat and put in the 55° room. In June,

1000, one of these cheeses was sent to E, J. Burrell, Little Falls,

N. Y., to test; and, on June 20, he writes: "I have tested the

cheese and can say that it is especially fine. The flavor is clean

and nutty, the texture is perfect and the curd breaks down beau-

tifully. If the factory men of the country were to manufacture

cheese of this description for home-trade purposes, the sale

would be largely increased for home consumption and we prac-

tically would be entirely Independent of England."

Cheese made during 1900.—During the season of 1900 consider-

able more cheese was made, with practically the same results

as to flavor and texture as in 1899. In August Mr. D. W. Whit-

more, 89 Warren street, New York, kindly agreed to score for us

several lots of cheese which were to be sent at dates about a

month apart through the fall and winter. The cheeses sent

upon any date were from the same lot of milk, made at the same

time and handled as nearly alike as possible except that each

was cured at a different temperature. Mr, Whitmore knew

these cheeses only by number, not by the temperature of curing;

so was entirely unbiased in his scoring. The comparison of

these cheeses is shown by Table II.



New York Agricultural Experiment Station. 259

Table II.—Scoring of Cheeses Cured at Different Temperatures,

11300.

CnRESK. No. 1—80° No. 2—75° No. 3—70° No. 4-65° No. 5—60° No.6-55»

Mado. Scored. F. T. F, T. F. T. F. T. F. T. F. T.

July 27. Sept. 1. 42 21 43 23 45 23 47 24 48 25 45 25

July 30. Oct. 1. 42 21 43 22 43 22 48 24 49 24 49 24

Aug. 1. Nov. 1. 39 20 41 20 43 22 44 24 47 24 47 24

Aug. 3. Dec. 1. 42 21 44 22 44 22 46 24 49 25 49 25

Aug. 8. Dec. 31. 38 20 39 20 42 21 44 22 48 24 50 25

Taking the average scores of the cheeses as given in this table,

those cured at and below G0° show a commercial scoring 5.1

points better in flavor and 2.7 points better in texture than those

cured at 65° and above.

Concerning the shipment of September 1, Mr. Whitmore says:

"No. 5 is especially fine; No. 6 very good, but the flavor not

quite perfect, being a little sharp." This was unquestionably

due to the slower curing at the low temperature, the cheese not

having quite time enough to ripen fully in five weeks at 55°.

Of the next lot, the scorer says:
" There is no question but what

Nos. 4, 5 and 6 are of a better quality from a commercial stand-

point than Nos. 1, 2 and 3. Considering the time when they

were made we think they have held very well indeed." In his

letter referring to the lot made August 1, Mr. Whitmore says:
*' Nos. 1, 2 and 3 of this lot of cheese are rather inferior to any

you have previously sent me, especially No. 1. If these cheeses

were made from the same vat it is almost impossible to com-

prehend how there can be so much difference in the curing, as

Nos. 4, 5 and 6 are of very good quality." Writing concerning

the cheeses sent December 1, the comments are: " Nos. 5 and G

are very nearly perfect cheeses. Considering they were made

four months ago, we might say no cheese could be made that

would show better at the expiration of that time." Of the last

lot Mr. Whitmore's letter says: "Nos. 1 and 2 are about the

poorest we have had from you and Nos. 5 and 6 the best, par-

ticularly No. 6. This we call, so far as flavor and texture are

concerned, a perfect August cheese. It would seem that the

results secured with all these different cheeses which show prac-
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tk'.'illj IliG same tliiDg, namely, tluit the same cheese unifoi-miy

shows a loss of qualily from curing at the high temperature

and uniformly holds flavor and texture in the lower temperature,

being nearly perfect cheese at the end of five months, should

convince the producer of the desirability of making the condi-

tions for curing the cheese much more favorable than is the rule

at the present time."

Prof. Robertson, of Canada, in his address to the State Dairy

Association at Watertown, said that in the Canadian experi-

ments recently conducted, they had secured practically the same

results as those here reported, and that Canadian manufacturers

are working to improve their factory curing rooms. By lining

the rooms with building paper and by ceiling them some improve-

ment was secured; but when there was added a cold air duct

the gain was marked. This duct is placed deeply enough in the

ground and made long enough so that the air is decidedly cooled

before its introduction into the curing room; and the tempera-

ture is thus materially reduced.

The cheese cured in such rooms is of enough better quality to

secure an advanced price; and the gain in selling value of the

product of one year more than repaid the cost of the improve-

ments. With these facts before him the cheese-maker ought

not to hesitate long before planning some means of securing

lower temperatures in his curing rooms than those now com-

monly the rule. The improvement presents only a simple ques-

tion of profit and loss; for cheese of good quality cured as were

those in our G0° room must please the consumer and thus add

to the demand for cheese and increase its price.
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MISCELLANEOUS NOTES ON INJURIOUS

INSECTS*

V. H. Lowe.

SUMMARY.

The forest tent-caterpillars were again very abundant during

the spring of 1900, causing serious injury to forest, shade, and

fruit trees. Arsenite of lime, arsenate of lead and Paris green

were successfully used in combating them. The applicatioai was

more effectual when made soon after the caterpillars had hatched

than after they had become half grown. In villages and cities

they were dislodged by streams of hydrant water and prevented

from returning by sticky bands or other obstructions fastened

about the trunks of the trees.

In some sections of the State the fruit bark-beetle has caused

serious injury by working in the bark of healthy fruit trees,

especially peach, cherry and plum. The numerous punctures

caused a copious exudation of sap. This injury was noticed

about the first of August. Eggs and larvae were found late in

the fall in the small twigs and> branches. Much can be done

toward controlling the insect by applying a wash to the trunk

and larger limbs late in July and trimming out and burning the

infested branches during the winter.

A species of mealy-bug was found on quince trees in sufficient

numbers to cause slight injury. It can be successfully combated

by applying a solution of whale oil soap, one pound to five gallons

of water.

'

Reprint of Bulletin No. 180.
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Two species of apple leaf miners were uuusually comiiiou in

Western New York orchards, but caused little injury as tliey do

not appear until late in the season.

Peaches in an orchard near Rochester were injured by the

tarnished plant-bug, which sucked the juice from the young-

fruits, causing them to wither and become permanently distorted.

I. THE FOREST TENT-CATERPILLAB.

Clisiocampa disstria Hubn.

The forest tent-caterpillars appeared again last spring in suf-

ficient numbers to cause nnuch annoyance, and in some cases

serious loss. The questions as to whether the caterpillars appear

to be increasing or decreasing in numbers, taking the State as a

whole, and whether they are becoming more destructive to

orchard trees are of importance to fruit growers. To secure

data bearing on these questions, circular letters were sent, as

last year, to correspondent's in nearly every county in the State.

t>'umming up the reports and adding our own observations, the

xtent and character of the outbreak were approximately as

."ollows: In most of the western Counties the caterpillars were

widely scattered, the same as last year. In Allegany and Steu-

ben Counties, they were less in numbers, as a rule, in the maple

groves, woodlands and orchards that were extensively infested

last year; but much more abundant in neighboring localities in

which they appeared in less numbers the year previous. The

reports from Cortland, Chenango, Madison, Oneida and Herkimer

Counties state that the caterpillars were usually more numerous

in the forest trees and orchards than last year but less in num-

bers on shade trees. The reports from Herkimer County indi-

cate that in that section they were somewhat lesis abundant

in forest trees, but more numerous in orchard trees. Similar

reports came from Saratoga and Washington Counties and tlie

Mohawk and Upper Hudson valleys. In the northern part of

the State, especially St. Lawrence, Franklin and Clinton Coun-

ties, there is a reported decline in numbers.



New Youk A'JiticuLTuitAL Exi'kuiment Station. 205

DestruGtivencss in the orchards.—Two of tlie questions asked in

the circular letters related to the food plants of the caterpillars

and the extent of their injury in the orchards. Similar ques-

tions were asked last year and the majority of the replies were

to the effect that the cater])illars fed principally upon maple,

basswood and elm. This year, while they have been very

destructive to forest trees, there were more reports of their

depredations in orchards than formerly. During the season we

have also received more letters, usually accompanied by speci-

mens, from fruit growers complaining of this insect. In the

vicinity of Geneva they have been noticeably more numerous

in the orchards this year than last.

There seems to be little preference as to the variety of fruit.

Apple, pear, peach and plum have been attacked apparently with

equal readiness.

Taking the State as a whole the reports indicate that the cater-

pillars were usually less destructive to shade and forest trees,

but somewhat more destructive to orchard trees.

New localities reported.
—The localities not recorded in our Bul-

letin 159 of last year, but from which reports have been received

this year are as follows: Niagara County, Middleport; Monroe

County, Spencerport; Allegany County, Andover; Oswego

County, Pulaski; Madison County, Oneida, Erieville, West Eaton,

De Ruyter and Webster; Otsego County, Westford; Oneida

County, Maynard; St. Lawrence County, De Kalb; Franklin

County, Fay; Saratoga County, King's Station; Greene County,

Coxsackie, West Coxsackie and Cornwallville; Dutchess County,

Millbrook; Orange County, Montgomery and Blooming Grove;

Westchester County, Bedford Station and Unionville.

Orchards easily infested.
—Orchards situated near woodlands

are especially in danger of becoming infested because both cater-

pillars and moths from the groves can easily reach them. A
number of cases of this kind have come under the writer's

observation. The trees in the rows nearest the woodland were

so close that the caterpillars easily migrated to orchard trees

from near-by forest trees which they had stripped bare. In this
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connection the following extract from a letter from Mr. A. II.

Eastman, of Waterville, Oneida romity, who has observed this

insect closely, is of interest. " Tlie forest tent-caterpillar was

far more numerous this year than last in the forests and orch-

ards (about Waterville), not so many in the village. Last year

they fed almost entirely on the maple, this year they made no

distinction. All kinds of forest trees were attacked. If there

were apple trees near the forest the caterpillars seemed to

know it for I have seen tens of thousands of them traveling on

the fences, even wire fences, leading to the orchards."

Migration in the caterpillar stage is not the only means of

local distribution. Probably the species spreads more rapidly

through the agency of the adults which are vigorous fliers. The

eggs also may be carried long distances upon young nursery

trees without injury.

Life history.
—The life history of this insect is given in Bulletin

159, pages 40-50, but a brief summary will be of value here to

again call attention to the principal points in its development

and their relations to methods of control.

This insect, like very many others, passes through four well

defined stages: Egg, larva, pupa and adult. The eggs are laid

in bands about the twigs (Fig. 8), during the latter part of June

or early in July. They remain unhatched on the trees until the

following spring, when the young caterpillars appear. Toward

the last of May or early in June they reach full growth, stop

feeding and wander about to find a convenient place in which

to spin their cocoons. Some of them are spun upon leaves,

others in protected places on the trunk, in the grass, along

fences or upon out-buildings. The moths appear during the

latter part of June or early in July and the eggs are laid at

once, thus completing the life cycle.

The larva, the pupa and the adult stages are shown in Plates

XXXIV to XXXVI as follows: Plate XXXIV, Figs. 1 and 2,

are from photographs from life showing dorsal and lateral views

of the same caterpillar, natural size. Plate XXXV, Fig. 1, is

from another view of the same twig taken the following day.
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The leaves wbicb had begun to droop were utilized in forming

the oocoon. Plate XXXVI, Fig. 1, is from a photograph of the

same cocoon taken the next day. The leaves have been cut away

showing the cocoon. It was supported on all side's by strands

of silk but did not touch the leaf at any point. The caterpillar

was still working on the inside of the cocoon when this picture

was taken. The picture shows the cocoon enlarged to about

four times natural size, the actual length being about one inch.

Plate XXXVI, Fig. 2, is from a photograph of the same cocoon

taken three days later. It haiS been cut open showing the living

chrysalis inside enlarged in the same proportion. Plate XXXV,
Figs. 1 1 and 1

^,
are fro'm photographs from life showing the

male and female moths, natural size. At Fig. 2 some of the cater-

[Hllars are shown assembled on the trunk of a plumb tree. They
had molted a short time before the picture was taken and their

old skins are seen to the right of the group attached to the bark.

NOTES ON METHODS OF COMBATING THE FOREST-TENT
CATERPILLAR.

The principal methods of combating this insect are given in

Bulletin 159, pages 53-5G. The following notes are largely from

the past season's observations.

ORCHARD TREES.

Destroying the egg masses.—^This is most conveniently done while

pruning the trees. In the vicinity of Geneva and in other

sections of the State this method has been practiced extensively.

One orchardist sent his men through a large plum orchard a

second time in search for egg masses of both the forest and ap])]e

tree tent-caterpillars with the result that a large number were

collected and when spring came hardly a caterpillar of eith-2r

species could be found in the orchard. The year previous this

orchard was badly infested with both species.

Banding the trees.—This is principally a preventive but to

some extent a remedial measure. Trees that are small enough
to be jarred are banded to prevent the dislodged caterpillars
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from crawling bade. Fruit trees located near infested forest or

shade trees are also bauded to prevent invasion by the cater-

pillars. The bands in use are of two kinds: First, sticky sub-

stances that will not harden too quickly. Prominent among theise

are a mixture of tar, one part, and raw oil, two parts; raupenleimj

and a mixture of lard and sulphur, equal parts. To prevent

injury to the bark these substances should be smeared on strips

of tough paiper a foot or more wide and tied about the trunk

about midway between the ground and large limbs. Sticky fly

paper is often used in a similar manner. Second, mechanical

obstructions such as a band of cotton wool or waste, or a strip

of tin fastened around the trunk so that the lower edge flares

out about two inches, thus preventing the caterpillars from pass-

ing. The insect traps miade on the same principle and now on

the market will answer the same purpose.

Too much should not be expected of the bands as they are of

value only in keeping out caterpillar® which may crawl from

other trees or which have been jarred out or otherwise dislodged

from the tree and seek to return.

A very common mistake is to put the bands on too late in the

season. If the intention is- to prevent an invasion fro^m infested

trees near by, the bands should be put in place not later than the

middle of March. .

Spraying.
—Thorough spraying with pure arsenicaJs has proven

very satisfaetory in cases where the poison was applied before the

caterpillars were half grown. When the first application is

delayed until they are past this point it seems to have much less

effect. Paris green, arsenite of lime and arsenate of lead have

been used. While both Paris green and arsenite of lime have

been reported satisfactory, arsenate of lead has some points of

especial merit. It seems to be more certain in its action and

adheres to the foliage longer. This arsenicsrl is now on the

market; but can be made at home by following the directions

given in Bulletin 159. It is manufactured by the Bowker
Chemical Company, Boston, Mass., The Alder Color & Chemical
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Coinpany, New York, and oitber mauufacturens of arsenical

compounds.

In a few cases wliere arsenical spraying had been delayed until

too late for best results, kerosene oil was ap'plied directly to tlie

caterpillars that had assembled on the trunks and branches as

shown at Plate XXXV, Fig. 2. This treatment was resorted

to in several localities in the central and eas/tern part of the

State with satisfactory results. But very little oil should be

used as there is danger of injuring the bark and but little is

needed to kill the caterpillars.

SHADE TREES.

Owners of shade trees in villages and cities have successfully

protected their trees by dislodging the caterpillars with streams

of hydrant water and preventing their return by placing bands

of cotton batting, sticky fly paper or other obstructions around

the trunk. In some cases large shade trees were sprayed with

arsenate of lead or Paris green by means of steams sprayers.

Both are effectual if applied before the caterpillars are half-

growu. Arsenate of lead is discussed more iu detail under

orchard treatment.

MAPLE GROVES AND FOREST TREES.

The infested maple groves and large forest trees present the

most difficult problems. Probably very little can be done. In

some cases, however, large numbers of the caterpillars have been

killed when assembled on the trunks and Ijwer branches by

spraying or otherwise applying a small amount of kerosene oil.

The cocoons are conspicuous and easily gathered, especially

where the trees have been stripped of their leaves, as most of

the caterpillars desert such trees and spin their cocoons near

or upon the ground. The offering of prizes to children for the

greatest number of cocoons collected in a given time or the pay-

ment of a small sum per thousand has been found in some
instances a cheap and easy method of securing the destruction

Oi large numbers of cucuuus. They should be gathered as soon
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as found after the caterjii liars leave the trees. Ten days later

the moths will have escaped, and hence it will not pay to gather
them after that date.

As soon as gathered the cocoons should be placed in a box
and covered with a coarse wire net to allow the parasites to

escape. The imprisoned moths will soo» die or may be killed

by sprinkling a little kerosene oil in the box.

On the whole the season's experience indicates that except
when attacking forest trees, the insect is not more difficult

to control than many other noxious species. But as with other

insect pests prompt and thorough treatment is necessary.

II. THE FRUIT BARK-BEETLEl

Scolt/tus rugulosus Ratz.

Late in July of the past season Mr. F. C. Stewart of the Station

staff brought into the laboratory several small branches from a

healthy cherry tree showing the work of some insect. The loca-

tion and extent of the injury was plainly indicated >by the dead

leaves. On all of the twigs from one-fourth to about three-

fourths of the leaves were brown and dead—in sharp contrast

to the remainder which were of normal green color. Plate

XXXVII, Fig. 1, is from a photograph of one of these branches.

All of the leaves on the lower half were dead. An examination

showed that in each sjwir bearing the dead leaves a small round

hole about the size of the head of a pin had been bored as

shown, enlarged about four times, at Plate XXXVII, Fig. 2.

In each case the hole opened into a short burrow in the sapwood.

About forty burrows were examined at this time. All but three

were empty, and in these the canse of the injury, some fruit

bark-beetles, Scohjtus rugulosus, were found still at work. Later

investigations in the vicinity of Geneva and in Monroe and

Niagara Counties showed that this species has caused extensive

injury during the past season to healthy, vigorous trees.

Althougli this species has been long known a® an orchard pest

it has been supposed to coufiue its attacks principally to weak,
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sickly trees thereby hastening their death. The fact that it will

attack and greatly weaken normal trees, as sbown on a su'bse-

quent page, adds much to its importance as a noxious species.

The following account of observations during the past late

summer and fall is preliminary to a more complete account to be

published later. Especial attention is called to the character of

the insect and the injury caused by it, by which its presence can

be easily recognized, and the measures which can be taken this

winter to hold it in check.

OBSERVATIONS ON THE WORK OF THE BEETLES IN HEALTHY TREES

DURING LATE SUMMER AND FALL.

The work of the beetles at this time of year is of a two-fold

nature. First, they make shallow holes or short galleries in the

thick bark of the trunk and large limbs apparently to feed and

prepare for hibernation. These injuries cause a copious exuda-

tion of sap and consequent weakening of the tree. Second,

longer galleries are formed in the sapwood of the smaller limbs

and twigs in which the eggs are laid. Occasionally shallow

holes are also made in the branches and twigs.

Injury to tJie bark of the tinink arid large limbs.—The most pro-

nounced injury to the trunk and large limbs which has come

under observation was in three large peach orchards near

Youngstown, Niagara County. At the beginning of the season

all three orchards were in a healthy, vigorous condition. Two
were composed principally of Early and Late Crawfords and

Reeves Favorite, the third, recently come into bearing, almost

entirely of Globe. About the first of August sap was seen to

be exuding from many of the trees. By September 20, when

they were first seen by the writer, the trunks and large limbs

of many of the trees were covered with sap. Plate. XXXVIII
will give some idea of the flow of sap from the wounds made

by the beetles. This plate is from a photograph of a piece of

bark cut from the trunk of one of the peach trees in the orch-

ards above referred to. It is not an extreme case, but from a«

average specimen.
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The most extensive injury was in the Crawford and Reeves

Favorite orchards. In these orcliards nearly every tree was

infested to an equal or greater extent than the piece of barli

shown in the photograph. Tlie Globe orchard was of especial

interest as it had become infested in one corner from a nearby

brush pile, in which the beetles had been breeding, and the

rapid spread of the insect through the orchard was plainly indi-

cated.

Character of the ohannds in the harJc of the trunks and lower

limhs. Feeding habits of the beetles.—On September 20, pieces of

bark from a number of the infested peach trees were examined.

Probably owing in part to recent rains the sap was very soft.

Comparatively few beetles could be found, and judging from

the lack of dust, only an occasional one had been recently at

work. Pieces of bark containing beetles were brought to the

laboratory, some of them allowed to dry and others were kept

moist for a few days. It was very noticeable that as soon as

the bark became somewhat dry the beetles began feeding, while

there was very little evidence of activity on the part of the

beetles in the moist pieces. As soon as the pieces that had

been kept moist were allowed to dry the beetles began to work.

All of the mines in the bark examined September 20 were very

irregular but with few exceptions, short.

In October the orchard was again visited. At this time the

bark was comparatively dry, and most of the sap had dried

down until quite brittle. All over the infested areas the red

dust was in abundance, and when the bark was cut away the

beetles were found at worlv making new galleries or extending

the old ones. The galleries ran in all directions but very few of

them reached the sap wood.

As on September 20, large pieces of bark were brought to the

laboratory and carefully examined for eggs or larva3. Neither

were found, although the beetles were present in large num-

bers.

Very few of the small branches and twigs of any of the trees

in these orchards or in nearbv orchards showed the work of the
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insect. lu every case it was confined almost entirely to the

trunks and lower limbs.

Only peach trees were severely injured. Plum and apple trees

in the immediate vicinity were uninjured.

Indications of injtirij to small branches and tu:'uj>i.
—Injury to the

small branches and twigs was indicated in two ways: First, by

the dead leaves caused by the beetles boring into the buds,

Plate XXXYII, Figs. 1 and 2; and second, by the drops of sap

that exuded from the burrows in the sapwood, as shown natural

size at Fig. 3.

As previously stated, very few of the peach trees in the orch-

ards near Youngstown that were infested on the trunk and

branches showed an^- evidence of the insects' work in the smaller

branches and twigs. On the contrary, the peach, ijlum and

cherry trees examined, both in Monroe County and at Geneva

and vicinity, were very slightly infested except in the small

branches.

Character of the channels in the small branches.—These burrows

were of two kinds, the very short ones which were mere punctures

of the thin bark and the larger ones through the bark and for

from half an inch to an inch in the sap wood. In some cases

from two to nine punctures leading to each burrow were found.

Many of these burrows, opened September 20 and later, were

empty, others contained eggs; and in a few cases young larvae

were found.

XOTES ox LIFE HISTORY.

Observations upon the ajy laying habits.—Egg^s were first found

September 24, by Mr. P. J. Parrott while examining an infested

plum tree. Upon subsequent examination of infested plum and

peach twigs many of the burrows were found to contain eggs.

The number of eggs varied from one to twelve. Nine was the

largest number of unhatched eggs found, but in one burrow Mr.

Parrott found twelve young larvae, indicating that twelve eggs

had been deposited there.

18
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The eggs were usually placed on end, apex down, close together

but were prevented from touching by a layer of gummy shavings

which extended around each egg. In every case the rows were

single and extended along one or both sides of the burrows. The

sticky substance which covers the eggs causes the gummy shav-

ings to adhere to the shell and when dij to hold them firmly in

place. In some cases where only three or four eggs were found,

there was apparently no definite arrangement, the eggs being

scattered through the gummy mass. In no case were they

found in definite pockets along the sides of the burrow. Plate

XXXVII, Fig. 4, is from a phoitograph of a burrow cut open show-

ing a row of eggs along one side. Only the ends of the eggs are

visible. The whole is enlarged to about three times natural size.

There are some variations in the size of the eggs. One selected

as being of average size measured .564 mm. by .4 mm. They
are elongate oval in outline, dull white in color with a delicate

membranous shell covered with a thin coating of a transparent

sticky substance. Plate XXXVII, Fig. 5, is from a photomicro-

graph showing one of the eggs much enlarged.

The exact period of incubation has not been determined. A
number of eggs found in the channels September 24, hatched

September 25.

Ohservations on the late broods.—The number of broods for the

latitude of Western New York has not been determined. Large

numbers of beetles having the reddish-brown color, character-

istic of those newly hatched, were found in the bark and twigs

late in September. Larvae and pupae were also found and in one

instance a number of them brought into the laboratory trans-

formed to beetles by October 15.

Laboratory and insectary observations.—A study of the life his-

tory of this insect is now being made. Trees in the laboratory,

insectary and orchard are being kept under observation. Young

healthy plum trees kept in the laboratory and insectary have

Jbceu infested in three wayg ag fpljpw§; First, fourteen beetles
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were placed upon the trunk and allowed to crawl about. Nearly.

all of tliem selected rough places in the bark and immediately

began to burrow in. Second, twenty beetles were placed near

the ends of the small limbs and prevented from escaping by glass

flasks placed over the ends and stopped with a plug of cotton

wrapped about the limb. In most cases the bottom of the flask

was broken out and a fine wire net fastened over to allow circu-

lation of air and prevent accumulation of moisture on the inside

of the glass. Third, sixty-seven beetles were confined in cells

made of half-inch curtain rings fastened together and to the bark

by melted paraffin. When the beetles had been placed in the

cells a thin cover glass, the same as used in microscopio work,

was sealed on with paraffin. From one to four beetles were

placed in each cell. This method, first suggested by Mr. Parrott,

proved to be the most 'Satisfactory as nearly every beetle began
at once to burrow into the bark and none of them were lost. A
pho:tograph of some of the cells attached to the trunk of a young

plum tree is shown at Fig. 9.

Activities of the oonfined beetles.—The amount of time required
for the beetles to bury themselves in the bark varied from about

an hour to three hours or more. Whether the beetles will deposit

eggs in these young trees and beetles mature, it is too early yet

to determine. On November 18, some of the channels were cut

open. They were very irregular and extended in all directions.

No eggs or larvae were found.

Hibernation of the beetles.—At the time of writing, Nov. 18, a

large number of examinations of bark and branches have been

made. As previously stated only beetles were found in the bark

of the peach trees evidently preparing to hibernate. The eggs
and larvae in the twigs would indicate hibernation in. the larva

or adult stage.

T1i€ adult.—The adult is a beetle measuring from 1.5 to 2.2

mm. in length and varying in color from reddish-brown to nearly

black. The beetles move about quite rapidly and fly readily.
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treatment.

Sources of infestation.
—The insect breeds readily in dying and

dead wood. Weakened trees, especially peach, plum and cherry,

often haibo.r the beetles and if not removed may cause the infes-

tation, of neighboring trees. Small branches trimmed from the

trees may become the sources of infestation. A case in point is

the orchard of Globe peach trees near Youngstown, previously

referred to. ^yithout doubt this orchard became infested from a

large pile of dead branches within about a rod of the corner tree

in the northvrest corner of the orchard. The beetles were breed-

ing iuf the branches early in the season. During August about

twenty trees in the corner of the orchard nearest the brush pile

were found infested, the presence of the beetles being indicated

by the exudation of sap. The worst infested trees were nearest

the brush pile.

Suggestions for late summer and icinter treatment.—The ha;bits

of the beetles, when attacking normal trees, suggest two methods

of treatment: First, the liberal application, about the middle of

July, of some caustic wash, such as a solution of whale-oil soap,

two pounds to the gallon of water, with the addition of crude

carbolic acid, two ounces to the gallon of tlie soap solution. The

whole should be well stirred before using, as otherwise the car-

bolic acid and soap solution will not mix well. Probably two

applications about ten da^-s apart will be sufficient. The object

of the applications at this time is to prevent the beetles from

going into the bark. Second, severe winter pruning. This is

to destroy the eggs and hibernating larvse and beetles in the

twigs. The infested branches can be distinguished by the exuda-

tion of sap as shown at Plate XXXVII, Fig. 3. The pruned

branches should be burned.
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III. A MEALY BUG ATTACKING QUINCE TREES.

Dactyloplus sp.

Late iu April of last season a quince twig infested with a

species of Dactyloplus was brouglit into tlie laboratory. The

bearer stated that the insect was first noticed about three weeks

previous. On April 27, the orchard was examined. It is one of

the largest bearing quince orchards in the vicinity of Geneva,

and is situated in an exposed position on the west shore of

Seneca Lake. Nearly all of the trees were infested, especially

those along the north side, but none of them sufficiently to show

injurious effects.

Notes on life history and habits.—On the date above given the

mealy-bugs were crawling about on the small branches and twigs

or had settled down in protected places in the angles or near the

buds. Most of them were from one-third to two-thirds grown.

A few adults were found under the loose bark of the trunk and

large limbs, but no eggs.

June 28, the orchard was again visited. The twigs were

infested about as in April. On this date however, large numbers

of adults were found under the loose bark making cocoons and

laying eggs. As a rule thej were in groups of from two to six

or eight as shown at Plate XXXIX, Fig. 1. This picture is from

a photograph from life showing the insects enlarged to about four

times natural size. Some of them are partially covered by their

cocoons. A few eggs are scattered about. From this date until

the middle of August there was little change in the numbers.

From the middle to the latter part of August there was a

decided decrease in numbers. By the first of September very

few were left on the twigs. Nearly all of those that remained

sought shelter under the loose bark. By September 26, the num-

bers had diminished materially. Those remaining were from

half to two-thirds grown. A few larvae were found.

Octoiber 26, which was an unusually bright, warm day for that

season of the year, the mealy-bugs were crawling about freely.
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Some of them still remained inactive under the bark. Ciareful

search was made for eggs with the result that one cocoon con-

taining eight eggs was found. Four of the eggs hatched in

the laboratory, November 19; the remainder did not mature.

Tlw egg.
—The eggs are at first nearly white but finally change

to a deep pink. The shell is membranous and covered with a

white powder. An egg of average size me'asured .47 mm. by .2.'^

mm. In shape they are oblong, slightly oval and broadly rounde^l

at both ends.

The eggs are laid in cocoons of coarse silk placed under the

loose bark. There is apparently no regularity in their arrange-

ment in the cocoons. An abund'ance of white powder covers

each one and may prevent their touching.

The egg cocoon consists of two distinct parts, an outer coarse

tent-like structure of coarse strands of white silk loosely wovtMi

and an inner cocoon-like structure more closely woven. The two

are connected only by loose strands of silk. The inner structure

is oval in shape and contains the eggs. It varies in size but meas-

ures on the average about 2 mm. by 5 mm. The cocoon is at

first pure white and a beautiful oibject, but exposure to the

weather finally changes it to a dull slate color. The average

number of eggs in a cocoon was not determined. One examined

contained eight. A cocoon showing inner and part of outer

structure is shown natural size and enlarged at Plate XXXIX,

Fig. 2.

The Imxa and adult.—The larvne closely resemble the adults.

When first hatched they are deep pink, and within a few days

become covered with a white powder. They are very active and

move readily about on the bark. In all stages the insect feeds

by sucking the sap from the bark. None were found on the

leaves either in the larvae or adult stages.

The adults are active, soft-bodied insects measuring 3.5 by

2 mm. The color of the living adult is a dull dark green, covered

with white powder similar to the larva. As with other species

of this genus the margins of the body are irregular, each segment
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bearing short, irregular projections. Plate XXXIX, Fig. 3 is

from photographs from life showing a single individual enlarged

and a group natural size.

Economic hnpwtance.—Mealy-bugs are capable of inflicting

injury to the host plant in a manner similar to scale insects by

sucking the sap from the bark and leaves. A number of species

work upon the roots of plants. In the infested quince orcliard

some inj'ury was undoubtedly done, as the insects sucked the sap

from the limbs and twigs often from near the base of the buds.

In this case the amount of injury is only a question of numbers.

Treatment.—As the insect is soft bodied, similar to the plant

lice, and during the spring and early summer lives openly on

the twigs, one or two applications of whale-oil soap, one pound

to five gallons of water, would quickly check it. Scraping the

trunk and large limbs during the winter where there is loose

bark and painting with a strong solution of whale-oil soap, one

pound to the gallon of water, would have a similar effect.

IV. TWO APPLE LEAF MINERS.

The minute caterpillars that mine into leaves are among the

most common of the insect pests. A number of species work in

the foliage of apple trees, but seldom in sulBcient numbers to do

serious injury. The past season, however, has been an excep-

tion in Western New York with at least three species, two of

which are briefly discussed here. The two species have occurred

in sufficient numbers to cause apprehension on the part of fruit-

growers in the western part of the State. Fortunately they

do not appear in very large numbers until late summer or fall

when most of the leaves are mature, thus making less injurious

the work of the caterpillars.

ORNIX PRUNIVORELLA Cham.

Order Lepidoptera. Family Tineidce.

This species is probably widely distributed in Western New

York, but judging from the few references in the literature of
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economic entomoloiry seldom occurs iu sufficient numbers to

attract much attention. One of the earliest references is by

Brunn\ who in 1883 found it in apple leaves in Tompkins County,

but not in sufficient numbers to do material injury. During the

past season we have received specimens from Monroe and

Orleans Counties. Its distribution in the United S-tates is indi-

cated by Forbes' report- in which he stateis that it is widely

distributed in Illinois, and in addition to New York is found in

Colorado, Kentucky, Michigan and Massachusetts.

Appearance in Western New York in 1900.—This species was

first brought to the v/riter's attention early in October, when

some infested leaves were received from Brockport. The corre-

spondent stated that nearly all the apple orchards in the vicinity

of Brockport were badly infested. October 29 an infested apple

orchard at Albion was examined. On nearly every tree two-

thirds or more of the leaves were distorted by the mines of the

larvae. In many of the leaves from two to four mines were

found. Most of them were old, indicating that the larvie had

been working in the leaves several weeks. The owner of the

orchard stated that he had first noticed them about the middle

of October. In the vicinity of Geneva a number of apple

orchards were mildly infested, but no case of serious infestation

was found.

Notes on life history and habits of the larvw.—The life history

of this species has not been fully determined. Probably the

most complete account is by Forbes,^ who states that the eggs

are laid on the leaves, and that the young caterpillars feed on

the parenchjana. When full grown they leave their old mines

and form new ones in which to pupate and pass the winter. No

description of the egg is given, and the time of egg laying is

not stated. No eggs were found on the branches received, and,

although a careful search was made, none in the orchards at

^Cm-mil Univ. Agr. Exp. Sta., Second Ann. Rept. (1SS3), pp. 155-157.

-Fifteenth Ann. Kept. State Ent., 111., p. 59.

"Eifteenlh Ann. Rtpt. State Ent., 111., p. 57.
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Albion 01' Geneva. Some indication's of tlie time of egg laying

were given by the evident age of some of tbe larvse found Octo-

ber 29. An occasional one less than half grown was found, but

most of them were full grown and a number had transformed

to pupae.

TliG mine.—The young larvse feed upon the parenchyma usu-

ally in the upper side of the leaf. The skin is left intact. The

final result is a tentiform mine, which distorts the leaf as shown

at Plate XXXIX, Fig. 4. In this mine the larva lives and feeds

until full grown. Evidently no attempt is made to keep it clean,

as the droppings were always found scattered about, as shown

at Plate XXXIX, Fig. 2. This picture shows one of the mines

cut open and much enlarged.

When full grown they Idave the old mine to pirepare for pupa-

tion. The manner of doing this is shown by a number of full

grown 'caterpillars which were placed on fresh leaves in the

laboratory October 31. They did not mine into the tissue, but

selecting the slightly curled edges of the leaves and placing the

body in a position nearly parallel to the side and far enough

away so that by bending the anterior two-thirds of the body the

head would touch the point of one of the serrations, begin to

spin strands of silk from this point to the main body of the leaf.

There were eight caterpillais, and all of them followed this plan.

At Plate XL, Fig. 1, a single point is shown, much enlarged,

held by the threads. The larvje worked very rapidly. In about

half an hour m,ost of them had made a network of silk extend-

ing about half an inch along the sides of the leaves. They
then began to work from the under side of the silk, and as

they clung to it began to spin as before. Brunn* suggests that

the weight of the caterpillar's body causes the margin of the

leaf to bend over. This undoubtedly has some effect, but as the

caterpillars feed on the parenchyma, under the tent, the wither-

ing tissues may play an important part in producing the desired

result. In about three hours most of the tents had the appear-

nSecond Rci;oi't Cornell Univ. Agr. Exp. Sta., p. 151.



282 Rei'ort of the Department of Entomology of tub

ance of the one slwwn at Plate XL, Fig. 2, and by the srcond

day all w-ere drawn over as shown at Fig. 3. The caterpillars

thus roll the leaves in a manner somewhat similar to a true leaf

roller. They evidently feed for a time in these retreats before

pupating, as out of a large number examined the parenchyma on

the upper side was entirely eaten away in. most cases.

Before pupating the caterpillars line their retreats heavily with

white, closely woven silk. Every one examined both in the labora-

tory and in the orchard was lined in this w^ay. The silk is not

closely attached to the leaf except at the edges which are fas-

tened together and to the leaf tissue. Within this snug retreat

the chrysalis is formed. At Plate XL, Fig. 4, the edges of the

leaf that were drawn together have been pulled apart, exposing

the white, cocoon-like covering of the chrysalis. In this stage

the insect evidently passes the winter, although it is probable

that some of the larvaj hibernate, as Forbes^ states he has found

them as late as the middle of November. Our own observations

are similar to those of Forbes, as we found hibematirg larvee

Dec. 1.

The full-grown caterpillar.
—A full-grown caterpillar is shown

much enlarged at Plate XL, Fig. 5. The following description is

a modification of that by Brunn.^

Detailed descriptio^ns of the other stages are reserved for a

future publication.

'Fifteeuth Ann. Rept. State Ent, 111., p. 57.

•Second Report Cornell Univ. Agr. Exp. Sta., p. 153.

Length 5.5 mm. to 7 mm. General color light greenish drab to slate.

With the exception of the first, each segment has^eight dull white slightly

raised blotches, four on each side of the median line. Each bears one or

two slender white hairs. Head half as broad as first segment, light yellow-

ish green to light brown. Mouth parts brown. Along the posterior mar-

gin of the head is a row of six large deep black irregular spots. The two

end spots are sub-marginal, triangular and slightly larger than the others.

There is also a somewhat paler spot at the base of each mandible. A row

of four similar spots extends across the first segment midway between the

anterior and posterior margins. The spots are larger than those or the

head. Thoracic, abdominal, and anal legs well developed. Outer surface of

thoracic legs black and smooth. Inner surface same color as ventral sur-

face of body and s^parsely furnished with hair.
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Treatment.—As the insect works within the leaf, arsenical or

other sprays would have little if any effect. The only vulnerable

point seems to be in the method of passing the winter. By

destroying the fallen leaves, as by plowing them under, the

insects within them will be destroyed, and thus the species held

in check.

TISGHERIA MALIFOLIELLA Golem.

Order Lepidoptera. Family Tineidw.

The mines of this species were very common in the leaves in

the apple orcharde examined at Albion and Geneva and were

received from Brockport. At Albion at least forty per ct. of

the leaves were infesfted.

The mines are in the upper side O'f the leaf and are somewhat

trumpet shaped. The small end is often curved and marked with

crescents of white. The dead and dried leaf tissue turns reddish

brown in sharp contrast to the green color of the healthy leaf.

At Plate XLI, Fig. 1, an external view of a mine enlarged to

twice natural size is shown.

The caterpillars feed and pupate in the same mine. Brunn'^states

that this species probably passes thewinter within the mine in the

larva state. Our observations were similar, exceptt in one case,

when on Oct. 29 a larva was found evidently about to pass to the

chrysalis stage, as shown much enlarged at Plate XLI, Fig. 4.

At Fig. 3 one of the mines cut open exposing the caterpillar is

shown, 'and at Fig. 4 a single caterpillar. Both are much

enlarged. But little is known of the life history of this species

and the pupa has not been described. In this State we have

found it in Ontario, Wayne and Monroe Gounties.

'Cornell Univ. Agr. Exp. Sta., 2d Kept., p. 156.
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V. INJURY TO PEACHES BY THE TARNISHED PLANT
BUG.

On June 15th Mr. W. T. Rudmau, of Rochester, N. Y., brouj,'ht

in a number of Elberta peaches having much the appearance of

those shown at Plate XLI, Fig. 6. Sonie.of them showed more

injury than thoise shown in the picture, being nearly covered with

sap and much withered. On June 17th the orchard from which

these peaches were taken was visited. The cause of the injury

was easily ascertained, as there were many tarnished plant bugs
on the peaches. A number of them were watched through a

lens and co'uld be plainly seen forcing their beaks into the fruit.

In several cases a single insect made from four to eight thrusts

before leaving the fruit. Mr. Rudman stated that he had noticed

the bugs on the fruit for the first time about six days previous

to this date. They began to leave the fruit late in June and did

not return again during the season.

Nature of the injury.
—The bugs usually confined their attacks

principally to the under side of the fruit, making large numbers

of punctures with their sharp beaks. Within a short time after

the punetureis were made drops of sap would flow and finally the

skin begin to wither. The injured peaches when mature were

deformed to a greater or less degree, depending upon the extent

of the injury to the young fruits.

Location of infested trees.—All of the trees in which the injury

was done were close to the west side of a rather dense woods con-

sisting principally of chestnut and white oak, with an under-

growth of sassafras. The trees in the first three rows nearest

the woods were most serioaiisly attacked. On the fourth and fifth

rows very little injury was done, and only an occasional injured

fruit could be found in the remainder of the orchard.
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DESCRIPTION OF PLATES.

Plate XXXIV.—Forest tent-caterjpillar on apple twig: i, Dor
sal; and 2, lateral view of same caterpillar. From life;

naiural size. {Original.)

Plate XXXY.—Forest tent-caterpillar: 1, A later photograph

of the same twig as in Plate XXXIV. The caterpillar

has drawn the leaves together anol is forming the cocoon

within; P and P show the male and the female moths,

natural size; and 2, some of the caterpillars on a young

plum tree. Their recently cast skins are seen on the

right. From life. {Original.)

Plate XXXVI.— Cocoon of forest tent caterpillar: At 1 the

leaves have heen partially cut away exposing the cocoon,

the caterpillar heing still at work loithin the cocoon when

this picture was taken; 2 is from a photograph taken

three days later, the cocoon being cut open to expose the

chrysalis. From life, enlarged. {Original.)

Plate XXXVII.—Fruit lark-heetle: 1, branch from cherry

tree showing leaves killed hy beetles; 2, one of the buds

enlarged showing hole made by a beetle; 3, exudation of

sap from woutids made by the beetles; J^, row of eggs in

twig, enlarged; 5, single egg, enlarged. {Original.)

Plate XXXVIII.—Exudation of sap from bark peach tree

caused by fruit bark-beetle.

Plate XXXIX.— i, Quince mealy-bugs enlarged; 2, egg cocoon,

natural size and enlarged; 3, single mealy bug greatly en-

larged, with group natural size; J^, Appjle leaves distorted

by Ornix prunivorella; 5, one of the mines greatly en-

larged showing the interior. From life. {Original.)

Plate XL.—1, Edge of apple leaf being drawn over by larva of

Ornix prunivorella; 2, from a later photograph; 3, the

edge of the leaf is drawn completely over and encloses

the larva; U, cocoon within folded leaf; 6, larva. From

life, enlarged. {Original.)

Plate XLI.—1, Mine o/" Tiscberia malifoliella; 2, larva; 5, larva

in mine; ^, larva about to pupate; greatly enlarged; 3

and Jp from life; 6, Peaches injured by tarnished

plant-bug.



Plate XXXIV.—Dorsal and Lateral Views of Forest Tent-Caterpillar.





PL.ATE XXXV.—Cocoon, Moths and Clustered Larvae of Forest
Tent-Caterpillar.
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Plate XXXVI.—Enlarged Cocoon and Chrysalis of Forest Tent-Caterpillar.





Plate XXXVII.—Injury, Puncture and Sap Exudation Caused by Fruit
Bark-Beetle; with Row of Eggs in Twig and Single Enlarged Egg.
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Plate XXXIX.—1 and 3. Quince Mealt-Bugs; 2, Egg-Cocoon of Same
4 AND 5, Work of Ornix Prunivorella on Apples.





Plate XL.—Method of Leaf-Folding and Cocoon-Making of Ornix
Prunivorella, with Larva.





PL.ATE XLI.—1-4, Mine and Larva of Tischeria Malifoliella,
5. Peaches Injured by Tarnished Plant Bug.





A FUMIGATOR FOR SMALL ORCHARD TREES.*

V. H. Lowe.

INTRODUCTION.

The fumi^ator described herein was planned at the Station for

use in a series of orchard fumigation experiments witli hydrocy-

anic acid gas. It has been carefully tested with such good results

that a brief description in bulletin form seems desirable. This

style of fumigator is intended for use with the smaller orchard

trees, such as peach, pear, plum and quince. Trees larger than

the dimensions of the fumigator can often be trimmed back suffi-

ciently to go under it without injury,

DESCRIPTION OF FUMIGATOR.1

CONSTRUCTION.

A picture of the fumigator in position ready for use is shown

at Plate XLVI. The dimensions are 10x6x6 feet. The frame con-

sists of well-seasoned pine strips three inches wide and seven-

eighths inch thick, braced on three sides by double cross pieces of

the same thickness and one and one-fourth inches wide, midway
between the top and bottom, and short braces at the angles, as

shown at Plate XLII. The base is made of four-inch strips and

has but three sides, the fourth being omitted to avoid the neces-

sity of lifting the fumigator over the top of the tree before

putting it in place. To add to the rigidity of the base two strips

three by seven-eighths inches extend from the rear strip to the

•Reprint of Bailletin No. 181.

'Since writing the bulletin tlie author has been told, by Prof. W. G.

Johnson, that he has designed and used a similar fumigator.
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sides, as sliown by IMaLe XLII. On llio inside of llie fronl. and

top a strip projects two inches, against vvliicli the adjustable side

rests when in position. Plate XLII, a. Two light strips extend

across the top to support the canvas. On two sides of the frame

and outside of the canvas two stout strips are bolted on a con-

venient distance from the ground to serve as handles used in

carrying the fumigator, as in Plate XLIII. The fourth side is

made of the same material as the frame, and fits snugly in place

against the two-inch' flange previously referred to.

The frame is covered with any suitable gas-tight mialciinl.

Eight-ounce duck was used on the two fumigatore tested. It

was sewed together in such a way that the three sides were

covered with one large, slieet. In one case raw oil and white lead

were used to malce the canvas gas tight, and in the other shellac

with one coat of oil and white load. Any of the substances used

in malving gas-tight tents will answer the same purpose. As it

is desirable to have the canvas dark in color, lamp black was

mixed with the oil in both cases. Heavy, unbleached sheeting

is cheaper than canvas, weiglis less and being thinner and closely

woven takes less material to make it gas tight. With ordinary

care in handling there is little danger of tearing the covering,

especially if it is made of material as strong as eight-ounce duck;

but as a precaution a stout wire net may be tacked on the inside

of the upper half of the fi'ame, thus preventing the limbs of the

trees from touching the canvas.

A strip of canvas one and one-half feet wide is securely tacked

to each side of the base of the frame. The strips lap at the cor-

ners, so that when the fumigator is in place they lie flat on the

ground and can be covered with dirt or sand bags, thus prevent-

ing the escape of the gas. The strips can be hooked up out of

the way when the fumigator is being carried from one tree to

another. Plate XLIII. The movable side of the fumigator can

be easily put in place or taken off. Four handles, shown at Plate

XLV, are conveniently placed for use. The two-inch flange

against which it rests is covered with a good quality of felt

about one-fourth of an inch thiek, glued on as well as tack(;d, to



Plate XLII.—Plan of Fumigator Frami
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^«-
Plate XIJIII.—Placing Fumigator over Tree.





Pu.\TE XLH".—Acid Dish and Ctaxide Bag ix Position.





Pirate XDY.—Fastening Door of Fumioator.





Plate XLVI.—Fumigator in Operation; Showing Dirt Thrown About Base.
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]!reTent leakage of gas. The surface of the frame which rests

against the flange is also covered with the same material, fais-

tened on in the same manner, soi that when the movable side or

door is in place the two' surfaces of felt come together. Two flat

metal pieces projecting on each side of the base of the frame are

for the door to rest upon and prevent it from fitting into place

until it is forced tight against the top. Plate XLII, &. Thirteen

beveled buttons of oak force the door into place and press the

felts close together. The buttons are made of wood bolted on

and work on strips of tin to prevent tearing the canvas. The

buttons are forced into place by a wooden mallet, as shown at

Plate XLV. Metal binding handles such as used on cold-storage

doors answer the same purpose and are somewhat easier to oper-

ate, but cost more.

COST OF CONSTRUCTION.

The cost of a fumigator 10xGx6 feet should not exceed .|13,

if heavy 'sheeting is used to cover the frame. A good quality of

ware net, enough to line the upper half, will cost from |2.50 to

$4 additional. If eight-ounce duck is used the cost will reach

about 118.

USE OF FUMiaATOR.

OPERATING.

A fumigator of this model, 10x6x6 feet, is easily carried and

operated by two men. A fumigator 12x8x8 feet, probably the

largest size of this style that would be practical, wonld require
three men. The removal of one side of the fumigator prevents
the necessity of lifting it up over the tree in order to put it in

place. It is placed over the tree in the manner shown at Plate
XLIII. At Plate XLIV the plan of setting off the charge is

shown. The bag of cyanide is placed over the dish of acid either

upon one of the cross braces or in the manner shown in the pic-
ture. A string tied to the bag extends through a small hole in
one o.f the upright strips of the frame. When all is ready the

string is gently pulled from the outside and the bag falls into the
acid. The hole is then closed with a tight-fitting wooden plug.

19
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The fumigators used in our experiments were provided witli smiall

windows, one on either side, so that the bag could be watched as

it fell into the acid and the action of the acid noted.

During some of our experiments the strips of canvas at the

base of the fumigator were covered with dirt, as shown at Plate

XLVI. This method was finally discarded and bags half full of

sand substituted, as they were found to' be more easily handled

and equally effective in making the base of the fumigator tight.

A stout water-proof bag 6 feet long and of small diameter, two-

thirds full of sand, will be found convenient for this purpose.

Four would be required for each fumigator and could be handled

easily.

The time required for moving the fumigator from one tree to

another and putting it in place will vary somewhat; but in our

experiments in an orchard of standard Bartlett pear trees two

men moved the fumigator from one tree to another and set it up

in ten minutes without unusual effort.

SOME ADVANTAGES OF THIS STYLE OF FUMIGATOR.

There are at least four advantages over the tent and its modi-

fications which may be claimed for this style of fumigator.

1. Its cubic contents can be accurately computed, thus ensur-

ing correct treatment with the gas.

2. The same amounts of chemicals are used for each charge,

thus avoiding the necessity of changing the amount for each

tree, and of weighing cyanide in the field, which usually requires

an extra man where three or four fumigators are in operation.

The slight cost of chemicals that might be saved on trees not

large enongh to fill the fumigator is immaterial unless the trees

are very small. In such cases, if there are many of them, a fumi-

gator of smaller size conld be used.

3. Fewer men are required to handle it than would ordinarily

be required to handle a tent large enough to cover trees that can

be treated with the size of fumigator described.

L As the fumigator does not rest upon the tree there is little

if any danger of serious injury to buds or breaking of small limbs.
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SUMMARY.

Although the fumigator was severely tested in two of the more

important points in its construction, the danger of leakage and

spreading at the base, it proved entirely satisfactory. Heavy

charges of sulphur smoke and hydrocyanic acid gas were used

to ascertain whether there was any leakage between the felts,

but none could be detected. The frame has also remained rigid,

there being no indications of spreading at the base or otherwise

becoming out of shape.

In constructing the fumigator, a light but rigid frame should be

aimed at and much care should be taken to make the adjustable

side a fairly tight fit. The small metal flanges at the bas-e of the

frame are also of special importance, as they prevent the door

from slipping down and thus allowing the gas to escape at the

top.



- A LITTLEKNOAYN ASPARAGUS PEST.*

Agromyza simplea; Loew.^

F. A. SiRRINB.

SUMMARY.

The asparagus miner is not generally known as an injurious

pest to asparagus, its work being first observed in the fall of

1896.

There are two distinct broods of the miner on Long Island.

At present the only known means of controlling the increase

-of this pest is pulling the old stalks after they have been, killed

-by frost and burning them.

INTRODUCTION.

During the fall of 1896 the author accompanied the Station.

Botanist on a tour of inspection of the asparagus fields for aspara-

gus rust. While in the fields some plants were pulled to ascer-

tain if the rust occurred on the portion of the stalk below the

surface of the ground. Many stalks were found to have the

puparia of some fly buried beneath the epidermis especially in

the iwrtion of the stalk which was below the surface of the

g'round. Some of the material was preserved for breeding, but

the lack of a suitable place, at that time, for keeping such mate-

rial so that it would not get too dry, resulted in our failing to

breed the adults. During the past year the adult fly was reared

from some of the old, infested stalks collected early in May.

This pest has no common name. Possibly
"
asparagus miner "

would be appropriate.

Reprint of Bulletin No. 189.

'Kindly verified for the author by Mr. D. "W. Coquillet, "Washington,

D. C.
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THE ASPAEAGUS MINER.

history.

This fly has been known to collectors for a number of years,

but as far as can be learned, what it feeds upon has not, hitherto,

been ascertained, or its life history worked out. In 1897 Mr.

Chittenden^ of the Division of Entomology, Washington, D. C,

reported collecting it on asparagus and suggested that it might

feed upon that plant. The only species of fly reported in Euro-

pean literature a® infesting the asparagus plant is a species of

Ortalis^ known as the "
asparagus-fly," the maggots of which

burrow into the stalk of the asparagus aud work downward to

the root.

description.

As the adult fly has already been described in works on diptera

only a general description is given here.

Adult.—The adult is a small, metallic-black flv, 3 to 4 mm.

long (about one-sixth inch) and rather broad as compared with

its length; it is usually found resting upon flowers and branchlets

of asparagus and especially on plants that have been gnawed or

eaten by the asparagus beetle. A modified camera lucida draw-

ing of this fly is shown on Plate XLVII, Fig. 1.

E(/g.
—The eggs have not been found.

Larva.—The larvae or maggots are about 5 mm. long, some-

what flattened and of a white or transparent-white color. It is

found only beneath the epidermis near base of asparagus plants.

Fig. 2, Plate XLVII is a greatly enlarged drawing of the larva,

giving a side view. The black rasp-like jaw or proboscis is shown

at r, the cephalic and caudal spiracles are shown at s, s.

Piiparium.—The puparium, or resting stage, of this miner

resembles the " flax-seed "
stage of the " Hessian fly." The

^U. S. Dept. Agr., Div. Ent. Bui. 10, n. s.

^Plati/parea poccilloptera Schrauk {Ortalis fulminans Mg.) J. BJJttner.

Praktiselaes Lebrbuch des Spargel-baus. Frankfurt a. Oder: Trowitzsch u.

Solm, 1S97, p. 100. Trijpeta fiilmliuins, E. II. Meyer in Braunschw. Laudw.

Ztg., 65 (1807): No. 3, pp. 9-10.
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puparia show as small, oblong, dark-brown, raised spots beneath

the epidermis near the base of the asparagus stalk and are often

mistaken for the rust pustules. If taken from beneath the

epidermis during the fall they are generally amber-brown in

color and oblong in shape, with two minute horns or projections

at each end. After remaining in thQ stem all winter they are

generally very dark brown in color. See Figs. 4 and 5, Plate

XLVII.
LIFE HISTORY.

The adult flies issued in confinement May 30. They were

taken in the field on asparagus June 8. On June 19, puparia and

maggots were found beneath the epidermis of this season's

growth. No adult flies were to be found. None of the adult

flies were tfiken again until August 2. After this date occasional

specimens of adult flies and of maggots were noticed until the

asparagus was killed by frost. During all the fall the puparia

were plentiful and apparently many of the maggots which

changed into puparia the latter part of August remained in this

condition over winter.

HABITS AND METHOD OF WORK.

The adult flies can be found around the flowers, but they were

generally found congregated around wounds made by the aspara-

gus beetle, apparently feeding upon the juices exuding from these

wounds. The place and method of depositing the eggs were

not determined, but frequently the mine made by a maggot

started beneath a leaf scale and generally near the surface of the

ground, thus indicating that the eggs are sometimes deposited

under or near the leaf scales. In some instances mines were

found which started nearly arfoot above the ground, but generally

ithe majority started at or near the surface of the ground and

extended downward below the surface of the ground for distances

varying from 3 to 4 inches.

The work of this pest should not be confused with the injury

of the European asparagus fly, which mines into the stalk; while

the above species simply works beneath the outer bark or epider-
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mis and devours all the green portion of the plant between tlie

epidermis and the bast, or wood, fiber. Five or six of the mag-

gots will usually completely girdle a stalk. Their method of

mining, with a " flax-seed " or puparium in the mine, is illus-

trated in Fig. 5, Plate XLVII.

The puparia are always formed within the mines and generally

below or near the surface of tJie ground where the old, dead

stalks remain moist.

AMOUNT OF INJURY.

This pest has been watched during the past four years, and no

noticeable injury from its work has ever been detected on cutting

beds. During 1900 they were apparently more numerous than

comm'on and considerable injury from their work was observed

on seedling and newly set beds. The injury showed itself by the

plants first turning yellow and finally dying much earlier than

they naturally should do. Possibly the fact that the stracture of

the asparagus plant is such that it can withstand girdling much

better than more woody plants accounts for the injury not being

noticed. Furthermore, the life history of the pest is such that

the first brood cannot get much of a foothold on cutting beds,

especially where ridging is practiced. Although the injury to

cutting beds is not noticed, there is no doubt that the plants are

materially weakened, later, by the attacks of this pest.

NATURAL ENEMIES.

At present it is not known what natural enemies this pest has.

As yet no parasites have been bred from the puparia. The only

enemy noted in the field was another small fly, which was not

identified, feeding upon iiie fly of the asparagus miner.

REMEDIES.

The habits of this asparagus pest are such that there is little

chance of applying insecticides and none have been tested. Cul-

tural and preventive measures can be and should be applied. As

the eggs for the first brood are deposited early in June undoubt-

edly much could be done toward keeping this pest under control
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bj not allowing any small shoots to grow on cutting beds during
the cutting season. Where new beds are being put out yearly,

pulling and allowing the old stalks to dry and burning them will

aid in keeping the pest under control. The stalks can be pulled

and burned any time after they are dead, but when passible it

should be done late in the fall. Where left until spring the

stalks rot to such an extent that the bark slips off, in pulling, and

the puparia are left in the ground.

CONCLUSIONS.

Growers of asparagus are not generally aware of the work and

injury of this pest, as it usually w-orks in the asparagus stem

below the surface of the ground.

Its work was first noticed on asparagus in the fall of 1896.

It is not known where or how the eggs are deposited.

There are at least two distinct broods of this pest on Long
Island.

It is suggested that this pest be called "
asparagus miner."

The injury, such as it is, is done by the maggot.

It is still a question whether this pest does enough injury to

cutting beds to warrant growers going to any extra expense to

get rid of it, but this does not necessarily prove that it may
not become a troublesome pest, as it is already known to injure

seedling beds.

At present the only means that can be given to control it is

pulling of the old asparagus stalks as soon as they are killed by

frost, and burning them.



SAN JOSE SCALE INVESTIGATIONS. I.*

THE DEVELOPMENT OF THE FEMALE.

V. H. LowEi AND P. J. Parrott.

SUMMARY.

The females were found to pass through three "well-defined

periods during development: The period of activity which fol-

lows very soon after birth and during which they move about

freely; the period of growth, at the beginning, of which they

insert their mouth parts into the tissue and begin to suck the

sap and to form the scale; and the period of reproduction, at

the close of which they die.

The young scale insects under observation remained active for

an average period of 27.7 hours at temperatures above 70° F.

Temperatures below 60° F. caused them to settle very quickly.

During the period of activity the larvse can cling to insects of

various species and may be carried by them to new localities to

which these larger insects happen to go from the infested trees.

The duration of the period of growth was found to average 49.5

days. Four distinct stages in scale formation were apparent : the

cottony stage, the tufted stage, the black stage and the mature

stage.

The temperature experiments showed the larvae to be unable

to develop at an average temperature of 35° F., but able to

develop to the black stage at a temperature of 45° F. Adult

females were able to survive this temperature three months and

to produce young soon after being removed to a temperature of

70° F. At 58° F. some of the larvae developed to the adult

stage.

* Reprint of Bulletin No. 193.
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INTRODUCTION.

The past three years have demonstrated that the San Jos^ scale

will thrive in soane of the best nursery and fruit-growing sections

of the State. This fact, together with its \V-ell-known destructive

powers, makes it an important factor in the business of New
York nurserymen and fruit-growers. There is, therefore, much

demand for information concerning this important ispecies. With

a view to meeting the requirements of the situation, extensive

series of investigations have been planned bearing upon its devel-

opment, distribution and control. The present bulletin deals

principally with the development of females of the late broods.

The investigations aim to present an exhaustive study of the

subject and much pains is being taken to work out each phase in

detail, as it is believed that only by such thorough work can the

true nature of this as well as other species be fully understood.

Such investir-^ions should form the basis for practical experi-

ments haviL. .1 view the control of such pests.

As the work was not actively begun until last fall the results

thus far obtained are necessarily somewhat fragmentary. Fur-

ther investigations along the same and similar lines are being

carried on.

PERIODS OF DEVELOPMENT.

The CoccidcE present a marked difference in the development of

the male and female. The stages preliminary to the mature form

are well marked in the former, while in the latter they are not.

After the female larva settles down there is a uniform develop-

ment with little change except in size. There are, however, at

least three well defined periods through which both forms pass,

as follows: The period of activity, the period of growth and the

period of reproduction.^ The sexes were found to be practically

indistiuguishable in the early stages, there being no definite rela-

^With the male the period of reproduction is also a period of activity as

it flies readily.
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tion between sex and size of larvae, but later developments of

the specimens under observation showed a small percentage of

males. Hence the facts recorded for the female larvie apply also

to the males.

period of activity.

Duration.—This period includes the time from birth until the

larva settles down. Its duration is influenced greatly by tem-

perature, as will be seen by comparing the following table, which

gives the record of larvae kept in the insectary and laboratory at

temperatures of from 70° to 76° F., with the records of larvoB

kept in rooms at lower temperatures, on page 311.^

Table I.—Length of Active Pkriod of San Jose Scale Larv^ in

Inskctary and Laboraiory.

JJiimbFT of
liirree in
eacii lot.
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from 1 to 48 hours. Those that were born free remained motion-

less near the anal jilate of the mother for from one-half hour to

four hours.

Distance the lar^vos migrate.
—During the active period the larvse

move about very freely. The distance they can migrate unaided

naturally varies with the character of the, surface over which they

travel and with the temperature. It is not probable that they

travel very far over loose earth, but to determine this point more

obsei-vations are needed. During our investigations the nearest

approach to data on this phase of the subject was in the case of

an infested apple placed on the ground about four inches from the

base of a small apple tree growing in the shade in the insectary.

The soil about the tree was well packed and moderately moist.

The apple remained for three weeks during which time the larvae

were numerous and active, but none were found on the tree. It

ist possible that the larvae did not attempt to leave the fruit, but

a large number of cases were observed in the laboratory where

they wandered freely from infested apples kept under similar con-

ditions, thus indicating that they have a definite tendency to

migrate from the fruit.

A more definite illustration of the power of the larvae to

migrate was furnished by a simple experiment with a single larva,

December 27 a young larva measuring 0.2 mm. in length was

placed on a smooth piece of paper at 10.05 a. m. The tempera-

ture of the room averaged about 74° F. The larva traveled

almost continuously, with occasional stops, for six hours, during

which time it had covered 10^ feet, or about 16,000 times its own

length.

The larvae appear to have a tendency to seek sheltered places

on the bark and fruit before settling down. This is especially

noticeable in cases of moderate infestation. On fruit, the blossom

end or stem end is usually sought by a majority of the larva?, the

former often being preferred. It is possible that the position of

the fruit may have some influence, as, after the fruit turns down,
the blossom end is less often, if at all, in the direct rays of sun-
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light. With this in mind 20 larvse were placed on each of 10

smooth-skinned apples. Immediately after being infested half of

the apples were placed on shelves in the laboratory, stem end

down and half blossom end down. In two days all had settled

and in every case abont three-fourths settled on the under side

where there was the least light, the remaining one-fourth being

scattered.

It is also very noticeable that on infested apple and pear fruits

a majority of the yonng scales will be fonnd grouped about the

adults. An examination of a large number of infested fruits,,

including apple, pear, quince, plum and peach, showed about

eight-tenths of the young scales gathered about the adults that

had made slight depressions in the fruit, probably as a result

of sucking the juice and the consequent withering of the tissue^

while but comparatively few were found about those that had

not made a depression. A number of typical groups are shown

much enlarged at Plate XLIX, Figs. 1, 2, 3 and 4. At Fig. 3 a

male scale is shown with a number of young about it. At Plate

LI, Fig. 1, a large group is shown, also much magnified.

Mortality of th^ larvcc.—The active larvae are very small and

comparatively delicate, and probably under ordinary conditions

a large percentage do not succeed in passing the active period.

To ascertain the mortality among larvse kept as near normal con-

ditions as possible, seven adult females were kept under obser-

vation for several weeks. They were enclosed in cells like those

described on page 316. The temperature of the room in which

they were kept varied from 70° to 75° F. during the day and

dropped to about 60° at night. The scales were removed from

three of them. The mortality among the larvse from these

females is shown in the following table;
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Table II.—Mortality of San Jose Scale Lart^ During Active Period.

0.
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Table III.—Length of Period of Gkotnth of San Jose Scale Larv-S.

Date began to reproduce. j'^": Kemarka.Larva Date settled

No. down.
No.
days.

1

2
3
4
5
6
7
8
9
10
11
12
13
14
15

16
17
18

19

Sept.

<<

((

II

(<

<<

((

<i

<(

((

((

<i

(4

6
6
6
6
6
6
6
6
6
6
6
6
6
7
6

Aug. 29

Oct. 24.
" 27.

None to Dee. 31.
(I ((

<( «
<< «

Oct. 28.

None to Dec. 31.
<( ((

Oct. 25.

None to Dec. 31.

Oct. 29.

On Nov. 11 bnd 25 larv89

None to Dec. 31.

Oct. 7 had together 101

48
51

On apples in laboratory.

laiv£8.

f 1

29 Oct. 12.
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tony fibres loosely woven together. This first covering is very

delicate and can be easily removed. The scales under obser-

vation showed a variation in the time of the first appearance of

the white secretion of from 6 to 24 hours, but in all cases when

the young scales were kept in a warm room or the insectary this

stage was reached v>'ithin 24 hours after the larvae had settled

down. The secretion of the filaments is normally quite rapid, as

the larvae were usually completely covered with them within six

or eight hours after they first appeared. Plate TvLVIII, Fig. 2.

The tufted stage.
—At the beginning of this stage a denser layer

of waxy threads is seen projecting from beneath the looise threads

over the margin of the body. This is the true scale. As the

insect increases in size this portion of the scale is enlarged. The

loose v/hite filaments form a central tuft which in many cases

becomes three or four times the diameter of the scale, as shown

at Plate XLVIII, Fig. 3. The true scale soon begins to turn dark

passing through several shades of dirty gray until it becomes

nearly black. The tuft grows smaller slowly, probably weather-

ing away, until it finally disappears, leaving a crater-like depres-

sion at the apex of the scale. Plate XLVIII, Fig, 4 and Plate

XLIX, Fig, 4; the small scale on the left.

The 'blade stage.
—This stage is characterized by the dull black

color of the scale and usually at first by the crater-like depression

at or near its apex, which is later filled by the nipple. It begins

when the white tuft has disappeared. During this stage the scale

becomes thicker and its texture is more compact than at any

previous time. In the latitude of New York State the insect

hibernates in this stage, hence its duration varies greatly with

the time of year. Plate XLVIII, Fig. 5.

The mature stage.
—As the insect grows the scale is enlarged

by the secretion of the white waxy fibres which may often be

seen projecting from beneath the scale as shown at Plate XLVIII,

Fig. 6. This white mass soon turns dark, usually a dull dirty

gra}', and forms a large part of the scale. The mature scale is

characterized by its comparatively large size, the prominent,

usually central, nipple and the light-yellowish areas caused by
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Plate XLIX.— 1, P'emale Scales, Nipples Lateral; 2 and 4, Adult Females
WITH Young; 3, Male Scale; 5, Adult Female, Natural Size, on Apple;

6, Discoloration of Fruit by Growing Scales. (Original.)





Fig. 1.

Fig. 2.

Plate L.—1, Anal Plate of Aspidiotus Perniciosus; 2, Anal Plate of
AspiDioTus Oestreaeformis.

From photomicrographs. (Original.)





PL.ATB LI.—1, Portion op a Group of Scales on an Apple; 2, Infested Pear
Leaves Showing Discolorations Caused by Growing Scales.





Plate LII.—1, Ootton Bands and Cells on Young Apple Tree used to Confine
Active Larvae; 2, Cells on Apple in which Active Larvae are Confined
and Growing Scales Isolateo.
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the molted skins showing through the scale. In many cases the

nipple is near the margin as shown at Plate XLIX, Fig. 1. The

two large scales in this picture are adult females. The first molt

causes the whole central area of the scale to appear a lighter

shade than the remainder. The white cottony mass, which is

forced beyond the edges of the scale turns dark, forming a dark

ring. The second molt forms a lighter area, which, as it shows

only toward the edge, the scale now being much thinner at the

edges than toward the apex, forms a lighter ring. Thus there

are two more or less distinct broad light bands with a narrow

dark band between. Plate XLVIII, Fig. 7. At Plate XLVIII,

Fig. 8, a mature scale is shown turned back exposing the living

insect. The dark area forming the posterior extremity of the

insect's body is the anal plate. It is by means of the microscopic

characters of this plate that the species may be definitely deter-

mined. Plate L, Fig. 1 is from a photomicrograph of the anal

plate of the San Jqs6 scale, and Fig. 2 of Aspidiotus oestreceformis,

a species common in this State that is sometimes mistaken for it.

While the above description of scale formation is fairly typical,

there is much variation. In this connection the following notes

giving the details of the formation of the scales of a number of

individuals kept under the same conditions may be of interest.

All of the larvae were placed on smooth-skinned apples and kept

in the laboratory or insectary.

No. 1.—Ten larvie born September 4. By September 8 they

TV'ere completely covered by the white cottony secretion. On this

date the cottony mass was removed, but by September 10 it was

replaced by another covering of waxy filaments which were more

closely matted together than the former. The scales were white

like the first and on this date showed a faint indication of a cen-

tral nipple but no ring about the nipple. By the following day a

slight ring-like depression had formed about the nipple. Until

September 19 there was no apparent change but on that date

the scales appeared to be turning darker in color. By September

21 they had begun to turn very dark, nearly black on the outer

20
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margin, and on September 28 were black over their entire area

except the white nipple at the center. At this point further

change in the scales ceased and the insects are now dormant.

No. 2.—One larva born September 12. By September 14 the

white cottony substance had formed a prominent tuft near the

center with the yellow body of the insect showing around the

margin. The following day the entire body was covered. Sep-

tember 17 a small white fluffy tuft had formed a little to one

side of the center with the remaining portion of the scale white

but more dense and firm. September 19 the margin was turning

dark with the nipple still white. The gradual change to darker

shades continued and on October 4 the scale was much darker

with a white tuft at center surrounded by a narrow ring of yellow,

caused by the first molt, and a second ring of yellow at the mar-

gin caused by the second molt. By October 8 the main portion

of the scale was dark brown and by October 12 it was black, the

white nipple still persisting. There was no further development

of this scale as it gradually became dormant.

No. 3.—Under this number are included ninety larvae born

September 3 and transferred to apples, six on each apple, the

following day. They were kept in the insectary and the forma-

tion of the scale was so uniform that the lot may be discusfied

as a whole. An examination, September 6, showed them to be

completely covered by a grayish-white scale with a central nipple

just apparent. By September 8 the nipple had turned to light

gray and was surrounded by a dark brown indented ring followed

by a broad base of dark gray. By September 14 the whole scale,

except a narrow brown margin, was black. September 17 most

of the scales showed a narrow band of white on the margins

caused by the pressing out of the white cottony substance

secreted by the insect. Plate XLVIII, Fig. 6. September 21 the

scales were black or very dark gray but still showed the white

extension. October 8 the first molt of one of the scales had taken

place. Nearly simultaneous with the molt the discoloration of

the skin of the fruit appeared. October 12 some of the specimens

showed second molt and the males were now distinguishable by
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the elongation of one side of the scale. By October 16 one male

showed first and second molt-areas, light yellow in color. A nar-

row dark-brown ring separated the two areas. The lateral exten-

sion was light gray. October 30 one of the female scales was

mature. The first and second molts showed the broad light yel-

low bands with the narrow dark band between and the margin

dark brown. The entire scale was covered with a white polli-

nose substance. The remaining scales had all reached the black

stage and were dormant.

No. 4.—This group included eight larvae born September 18

and kept on apples in the laboratory. They were not examined

until September 29. On this date they could be divided into two

lots based on the outward appearance of the scale. Lot 1 was

well covered with a tuft of white cottony substance. Lot 2 had

molted. All of this lot had a white nipple at the center sur-

rounded by a narrow slightly depressed band, deep brown in

color. On the outer margin of this depression was an elevated

ring of the same color and covered with a white pollinose sub-

stance. Prom this elevated ring the scales sloped down to a

nearly flat surface which formed the boundary of the oval figure

and was composed largely of the molted skin. This area was

light brown in color in nearly all cases, with a narrow black

extension on the margin. After this date there was no further

development of either lot.

PERIOD OF REPRODUCTION.

This period probably begins very soon after full development.

Owing to the fact that many of the scales under observation have

yet passed only to the hibernating stage we are able to present the

records of but seven females which are given in the following

table. It will be noticed that the average number of days is

30.2 while the highest number of young produced in a single

day was 8 and the average for the entire number was but 1.07.
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Table IV.—Number of Laev^ Produceb by Seven Females with Daily
Record of Each."
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show first molt until October 1, while nearly all the other half

showed the second molt on the same date. The majority of the

scales were dark gray in color at the time of first molt.

Lot 2 consisted of six larvae born September 5. They showed

first molt September 19,

Lot 3 consisted of one larva born September 25. October 6

showed first molt. The scale at time of first molt was white

with white central nipple.

Lot 4 consisted of 150 larvae born September 3. October 8

two individuals showed first molt. In both cases the scales

were black. October 12 the same specimens showed second

molt. -On this date, also, all of the males showed second molt

and the lateral projection of the scale was becoming apparent.

Up to the time of writing, December 31, the remaining larvaB

have not molted, but are dormant in the black stage.

Lot 5 consisted of one larva born October 5, first molt October

30. At the time of molting the scale was light gray in color

with crater-like depression at the center. To December 81 there

is no trace of a second molt. The insect is now dormant.

Lot 6 consisted of ten larvae born September 11. They were

oh a young apple tree in the insectary. October 12 no appearance

of first molt. October 26 one female had passed second molt.

The remainder are dormant (December 31) without showing first

molt.

Lot 7 consisted of one larva born September 25. By October

14 it had passed the second molt. At this time the white central

tuft still remained. By October 25 it had disappeared. The

first and second molt-areas were dirty yellow and the remainder

of the scale gray.

Lot 8 consisted of five larvae born August 25 and placed on

young apple trees in the insectary. October 5 all showed second

molt and were characterized by a central light-yellowish area

and black band toward margin. October 7 a number of larvae

were born from these females.

Lot 9 consisted of one larva born August 31. There was no
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indication of first molt until October 5; after wliich the insect

became dormant.

Summarizing tlie above: The first molts of 91 larvfB were

recorded and the period from birth to molting found to vary

from 11 to 35 days, the average number being 20.7. The second

molts of 87 larvae were observed and the number of days from

birth found to vary from 14 to 45 days or an average of 29^ days,

while the period from the first to the second molt in the case of

five larviB was four days. In all cases there was no constant

relationship between the stage of development of the scale and

the molts.

Rate of growth of the scale.—The table on following page

shows the rate of growth of the scales of three larvae during the

first half of the period of growth. None of the scales lived to

mature. As the growth of the insect and its scale is probably

at nearly the same rate the measurements are of interest as indi-

cating the rate of growth of the insect as well as its scale.

EFFECTS OF TEMPERATURE ON DEVELOPMENT.

The effects of temperature on the development of the scales

is well understood in a general way. It is a matter of common

observation that the larvae are usually more numerous and active

during warm than cool days. Also that the half-grown insects

withstand severe cold, otherwise they could not endure our win-

ters. But it is yet not fully understood whether young scales

attached to fruit or nursery stock kept in cold storage will con-

tinue to develop, are merely checked, or cannot survive. Also

whether mature scales under the same conditions will survive

and produce young when brought into higher temperatures.

The following data was obtained from larvae placed on apples

and kept in rooms having temperatures as follows: Checks kept

in insectary and oflQce temperature 72-75° F. developed normally.

Room 1 had an average temperature 35° F., Room 2, average
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Table V.—Rate of Growth of Scale.
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covered with the white fluffy scale. September 14 no change

was apparent except with two larvse, one of which had pushed

the scale nearly off from the body^ while the scale of the other

had begun to turn light brown. September 22 the scales of two

larvse were somewhat more dense than the others but otherwise

there w^as no apparent change. From, this time on there were

no further signs of development and by December 20 they were

dead.

•Lot 2. This lot consisted of 13 larvrs born October 5 and trans-

ferred, the following morning, to an apple which was at once

placed in Room 1. They settled down almost immediately. Octo-

ber 8 they were dormant and naked with the exception of two

which showed faint traces of cottony threads. One was sparsely

covered with them. Examinations were made every other day

but no further development was apparent. November 17 they

were carefully examined and found to be dead.

Summarij.—The effect of an average temperature of 35^F. upon

the young larvfe is here indicated and definitely shown so far as

the larvae under observation were concerned. They settled down

almost immediately and attempted at once to cover themselves

with a scale. More than half succeeded in doing this, but all

perished before reaching the normal hibernating stage.

Room 2.—Average temperature 45°F. Lot 1 consisting of 84

larvae born September 4 and transferred to apples the following

morning.

September 6. All had settled, a few of the white fibres showing

in every case but one and this larva was naked.

September 8. Nearly all showed the white central tuft.

From this time on there was no further development until

October 24, when six infested apples (3G larvae) were transferred

to the insectary where the average temperature was T5°F. By
October 27 a slight indication of development was apparent.

October 30 the white fibres of the new addition to the scales were

'This has been observed in the laboratory. It is done by a movement
of the posterior segments.
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apparent on most of the specimens. The scales continued to en-

large slowly in this way until November 9, when the insects

apparently ceased their activities and still remain dormant.

Nearly all of them reached the normal hibernating stage.

The effect of this temperature upon the adult females was

shown by a number that were kept three months in this room

and then removed to the laboratory. Within two days after the

change some of them were producing young.

Summary.—These results are interesting in showing that the

young larvae, although apparently unable to develop to the hiber-

nating stage in a temperature of 45° F. were still able to resist

this temperature for six weeks and when transferred to a room of

higher temperature to continue development to the normal hiber-

nating stage; also that the adult females may withstand it and

produce 3'oung soon after being removed to a higher temperature.

Room 3.—Average temperature 58°F. Lot 1 consisted of ten

larvsB borne September 1 and transferred to one apple September
2 which was immediately placed in the cool room. The scales

were not again observed until September 29 when they could be

easily divided into three groups according to the external appear-

ance of the scale, as follows: Group 1, four larvse, scales light-

brown; Group 2, five larvse, scales dark gray approaching black,

with small white central tuft. Group 3, one larva, side black.

October 3, Group 1, light-brown, quite convex, with black addi-

tion to margin. Group 2 and 3, no change. October 5, Group
1 has passed first molt. The scales show characteristic light

central area with narrow black band at margin of the scale.

Group 2, no change. Group 3 has passed first molt. October 8,

Group 1, very dark brown, nearly black. Group 2, no change.

Group 3, black with dark brown nipple. From this time until

October 30, Group 1 showed steady growth, passing the second

molt and becoming full size about this date. Groups 2 and 3

showed no further change.

Summary.—In this case the temperature of 58° F. was not

BufScient to materially check growth until the normal hibcruat-



314 Report of the Departmext op Entomology op the

ing stage was reached and oiie insect succeeded in reaching full

development.

General summary.—These experiments are of practical interest

in indicating the temperature required in a cellar for cold storage

of trees or fruit to prevent the development of young larvae or

to kill the adult females, which if able to survive the cold would

probably produce young, as was the case with the adults referred

to on page 313 very soon after being brought into warmer tem-

peratures. This is of especial interest in connection with cold

storage of fruit. It will be noticed that at a temperature of 45°

F. development was merely checked and continued when the

scales were brought into higher temperature, while at 35 F. none

of the young scales survived.

MEANS OF LOCAL DISTRIBUTION.

It is during the active stage that the insect is distributed

locally. There are three principal agencies which aid in local

distribution. First, the activity of the larva which enables it

to migrate from one place to another; second, the wind which

may carry infested leaves and twigs about; and third, insects,

birds and similar agencies. The ability of the larva to migrate

over smooth surfaces has been previously referred to.

Wind.—To ascertain the probability of the larvse being carried

on foliage by the wind, 200 pear leaves were picked and carefully

examined October 1, and although the larvae were numerous on

the trees none could be found on the leaves. Ten leaves were

then placed on the ground and a larva on each. In one hour all

had gone except two which remained three hours. October 4,

when the larvae were numerous and active on the infested pear

trees, 1680 green leaves on the trees were carefully examined

and but 54 larvae were found. A larva was then placed on a

pear leaf which was released from a point abont 10 feet from

the ground. It was carried by a light breeze about 16 feet and

when examined the larva had disappeared, evidently having been

blown off by the wind. This was repeated six times, the leaves
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being carried about the same distance each time. In every

instance but one the larva was blown off, and when the leaf to

which the larva had successfully clung was again released from

the same place the larva did not succeed in clinging to it.

Insects.—At various times from August 26 to October 11 insects

that were found on infested trees were caught and examined to

see if larvae were clinging to them. The following is a list:

Grasshoppers. On August 26 one grasshopper was found with

four larvae clinging to it; and on August 29, another with one.

Aphis lion, Cliysopa. On August 29 two' aphis lions, with one

larva caught in the hairs on the upper surface of posterior wing
of each were found.

Flies, Sarcophagidw. One individual was found on the same

.date with a larva clinging to one of its legs.

Beetles. A specimen of Euphoria mda was found September
1 with seven larvae clinging to it.

At various times also twelve wasps, representing four species,

80 honey be-es, 24 ants and two dragon flies were examined, all

of which were taken from trees upon which the young larvae were

very numerous and crawling about actively, but no larvae were

found. In the case of the Hymenoptera it is not improbable that

their cleanly habits account for the lack of San Jo&6 scale larvse.

CONTROLLING THE INSECTS FOR THE PURPOSE OF
STUDY.

One of the difficulties in the way of accurate and extensive

observation upon the development of this species has been the

difficulty of keeping the active forms within sufficiently narrow
limits. To obviate this difficulty, two simple methods were
resorted to. First, the use of bands of cotton wool tied about
the trunks of small nursery trees or the limbs of larger trees.

These bands were placed from one to two inches apart and pre-
vented the escape of larvae placed on the bark between them.
Plate LII, Fig. 1. Second, cells made by cementing glass or
metal rings to the bark or fruit with melted paraffin. Half-inch
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brass curtain rings proved very satisfactory. Thin circular cover

glasses, the same as used in microscopical work, were placed

over the rings and held in place by paraffin. Enough paraffin

was always used to entirely cover the ring. Tio admit air small

holes were made with the point of a fine needle, through the

paraffin, just under the cQver glass. Pla'te LII, Fig. 2.

In our studies sound apples were found very convenient. A
single female could be isolated and her offspring easily counted,

or a single larva could be kept within narrow limits for close

observation.



SAN JOS:fi SCALE INVESTIGATIONS. II*

V. H. LowB.

SUMMARY.

In a series of winter spraying experiments with refined (150°

fire test) kerosene oil, peach trees were killed with one applica-

tion of a 20 per ct. mixture of oil with water, and plums seri-

ously injured with a 40 per ct. mixture. Pears and apples

were not injured except by the pure oil, and then only slightly.

The 20 per ct. mixture of kerosene had no apparent effect on

the scales, but the 40 per ct. proved effectual in every case.

Summer applications of 100° and 150° fire test oil showed the

former to be dangerous, burning the leaves at a percentage too

low to kill the scale, while the latter did not injure the foliage

except when applied undiluted.

I. SPRAYING- EXPERIMENTS WITH KEROSENE OIL.

The experiments herein recorded were begun two years ago,

the original intention being to duplicate them the following year.

At that time kerosene oil was used more extensively in combat-

ing the San Jos6 scale than now. Although crude petroleum is

taking its place in many localities it is still used extensively in

this State. Where but few trees are to be treated it is often

more convenient to use it than crude petroleum, as it is more

easily ohtained, and in most localities costs less in small

quantities.

The number of trees and bushes treated, 382, is not a large one

for a series of experiments of this kind, but is sufficient to give

Reprint of Bulletin No. 194.
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reliable results. The treating of a large number of trees was

purposely avoided in order to give an oppor-tunitj of making the

treatment thorough and accurate.

OBJECTS OP the experiments.

The principal objects of these experiments were: To determine

the effects of winter applications of kerosene oil (1) on healthy

nursery trees and (2) on healthy bearing trees; (3) to determine

the percentage of oil required to kill the scale during the winter;

and (4) to determine the effects of summer applications upon

healthy bearing trees.

conditions.

Unless otherwise stated only 150° fire test oil was used. In

all cases the oil was applied in the form of a spray, the machine

being frequently tested to ascertain whether the right propor-

tions of oil and water were being maintained. Much care was

also taken to make the applications even, each tree being wet to

the same degree.

EXPERIMENTS TO DETEPtMINE THE EFFECTS OP WINTER APPLICATIONS

OP KEROSENE OIL ON HEALTHY NURSERY TREES.

These experiments were divided into two series, the first receiv-

ing one application and the second two applications.^

Series I.—Sprayed November 22; temperature 49°, high wind,

cloudy. Weather during the week following alternately cloudy

and bright, with average temperature of 27°.

'Unless otherwise stated, the trees in Series I and II liave received one
and two applications of oil, respectively.
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Table I.—Nursery Teees Sprayed with Kerosene Dcring Winter:

Series I.

Results. Checks.*
Trees

Percent-

2s o. liT" «S«""-Kind.

Apple :
Tears.

Baldwiu 13 2 20 No injury ; following Good growth.
season's growth nor-
mal.

'«
1.5 2 40 Same. Same.

«' 18 2 100 Same. Same.

Pear:
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Table II.—Nursery Trees Sprayed with Kerosene During Winter:

Series II.

Trees.

Kind.

Apple :

Baldwin

«
(I

Pear:
Bartlett

Peach;

<i

Plum :

Bradshaw

it

No.

12

17

Age.
Years.

2
2

Percent-
'

age oiL Kcsnlts. Checks. 1

10
6

19

11
8

13

8

6

3 aud 4
3 and 4

1

1

2

2

2

20 No injury. Growth nor- Growth escelleut.

40
100

8 3 and 4 20

40
100

20

mal foUowiug season.
Same.
Tips of branches slight-

ly injured after sec-

ond application.
Buds apparently un-

injured. Growth fol-

lowing season good.

No injury. Growth
during following sea-

son excellent.
Same.

Slight injury to buds.
Growth following
season good.

May 31, all dead to the

ground.

Same.
Same,

40 Same.
100 Same.

Growth excellent.

Same.
Same.

Very slight evi-
dence of winter

liilling. Growth
following season
excellent.

Same.
Same.

20 No injury; growth nor- Growth excellent.
mal.

40 May 31. Upper third Evidence of .slight
of trees dead. winter injury.

100 May 31, five dead near- Same.
ly to the ground ;

others much injured.

Summarij.—Five different kinds of fruit trees were used in

these erperiments, including 46 apple, 33 pear, 38 peach, 21 plum

and 6 quince trees, making a total of 144. This is a sufficient

number to make a fair test. Summing up the results it will

'be observed that peach and plum trees, especially the former,

were very sensitive, the peaches being killed with a 20 per et.

mixture and the plums in most cases seriously injured with a 40

per ct. mixture. Neither pears nor apples were injured with one

application of a 40 per ct. mixture, and the pears only very

slightly with two applications, while the apples were uninjured.

One hundred per ct., one application, did not injure apples, and

injured pears only slightly; two applications hurt both apples

and pears slightly.

'Checks eqaal or greater in number than in single test under variety.
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SPRAYING EXPERIMENTS TO DETERMINE THE EFFECTS OP WINTER
APPLICATIONS OF KEROSENE OIL UPON HEALTHY BEARING TREES.

Series I.—Nearly all of these trees were in excellent conditioii

and were bearing well. The checks were of the same grade.

They were sprayed November 22.

Table III.—Bearing Trees Sprayed with Kerosene during Winter:

Trees.

Kind.

Pear:
Dwarf Kieffer,

No. Age.
Tears.

2 8

Standard Bartlett, 2 8
Standard Bartlett, 2 8
Dwarf Kieffer, 4 12

Plum:
Gueii,

Gueii,

Japan,

6 8

S 8
1 8

Reine Claude, 1 10

Series I.

Peicent-
ago oil. Results.

Standard Bartlett, 2 8 100

20 No injury. Fruit equal
to cbecli trees.

20 Same.
40 Same.
100 Bark somewhat dis-

colored by oil espec-
ially on lower part
of larger limbs and
upper half of trunk.
On May 31 fruit
buds were not well

tetjbut foliage good.
Growth poor during
following season
and less than one-
foiu'th crop of fruit.

Oil May 31 the fruit

buds were well set,

fand foliage good.
Growth during fol-

lowing season was
good, with average
yield of fruit.

20 No injury.

40 No injury.
100 May 31. Much of the

bark discolored;
K'ore than % of the
fruit buds killed.

Tree nearly dead by
following fall and
was dug out.

100 May 31. Seriously in-

jured. Nearly dead
by following fall

fi.ud was dug out.'

But little injury to

upper third.

Checks.*

Fruit , average
yield.

Same.
Same.
Same.

Same.

Growth good.
Fruit above
average yield.

Same.
Same.

Same.

' Two check trees for each test.
2 Soon after this tree was sprayed it was fonrd to be seriously affected by disease which prob-

ably aided materially in caasiug its early death.

21
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Trees.

Kiud.

European,

European,

Currant:

Table III.—Continved.

, Percent-
No. Ag9. age 0x1.

Trg.

1 14

8

2 C)

BesultM.

100 May 31. , Fruit buds
well set towara cips
cf upper lim6s.

'Very little foliage
fxcept ou upper
third. Nearly dead
by following fall.

100 Tut little injury to

upper half. Lower
half seriously in-

jured; no foliage
jind all fiuit buds
killed. Nearly dead
by following fall.

100 V^'ithin a few days
showed injury and
died during follow-

ing spring.

Check's.*

Growth good.
Fruit above
average yield.

• Two check trees for each test.

3 Bushes in full beaiiog.

Series II.—The trees of this series, as those of Series I, were

selected as being in good condition. The applications were made

November 22 and March 27.

during Winter:

Checks.

Table IV.—Bearing Trees

Trees.
""
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Summary.—Three different kinds of fruit trees and one variety

of currants were used in these experiments, including 15 pears,

17 plums, 1 crabapple and 2 currants, making a total of 35. In

all cases there was no injury to pears except where pure oil was

used in both Series I and II. Plums. were not injured by one

application at 40 per ct.; but seriously injured by two appli-

cations, and also by one application of 100 per ot.

SPRAYING EXPERIMENTS TO DETERMINE THE PERCENTAGE OF KERO-
SENE OIL REQUIRED TO KILL THE SAN JOSE iJGALB WHILE
HIBERNATING.

Seii£s I.—The trees were sprayed November 21. Weather

cloudy and windy, temperature 42°. During the following week

the weather varied from cloudy to clear with an average tem-

perature of 28°.

Table V.—Percentage of Kerosene Required to Kill Hibernating

Trees,

Kind.

Pear:

Per-
•—^ cent-

Ko. Age. age

Trs.

3 14

San Jose Scale: Series I.

oil.

20

Bartlett, 41 10 20

Bartlett, 4 10

Degree of
infestation. Results.

Badly infested; Scales appar
incrusted on ently not a£-

some parts. fected by the

oil, May 31 and
later.

Checks.

Scales but
little affected

by winter.
Larvae a-

bundant dur-

ing follow-

ing season.

Majority o f No effect upon Same,
trees badly in- tbe scales,

fested, others

moderately.

40 All badly infest- May 31. Scales Same,
ed; incrusted in dead; three
places.

Bartlett, 1 10 100 Well infested.

trees not in-

jured; one tree

slight yellowing
of leaves.

May 31. Scales Same,
dead. No injury
to tx*ee except
bark on lower
limbs and upper
part of trunk
slightly injured,
but not serious-

ly.
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Table V— Continued.

Trees.

Kiiid.

Peach:

Degree of
iut'bstatioa. Results.

Per-
sceiit- _,j,

No. Age. age iufestation. Results. Checks.

Yrs.
"'!•

4 Old 20 Nearly dead with May 31. Trees Scales but
scale. lucrust- dead, and as a little afCt'Cted

ed on trunk and result, scales by winter,

nearly all limbs, dead also. Larvae a-

bundant dur-

ing follow-

ing season.

Plum:
Lombard, 1 8 40 Badly infested. Scales dead. No Same,

apparent injui-y

to tree.

Sweet
Cherky: 1 12 40 I n c r u *s t e d on May 31. Scales Same,

trunk and low- dead. Tree un-

er limbs. injured.

Series II.—The trees were sprayed November 21 and March 17.

Weather bright on latter date, temperature 20. Weather during

following week bright. Average temperature 29.

Table VI.—Percentage of Kerosene Required to Kill Hibernating

San Jose Scale: Series II.

Trees. Per
-N ceut-

Kind.

Plitm:
Reine
Claude

Reine

Claude

Sweet
Cherry:

No. Age. age
Degree of infes-

tation.
Results. Checks.

Trs.
oil.

1 8 40 Badly infested. June 29.

Incrustedon dead,
lower limbs
and trunk.

Scales Scales not
much affect-

ed by win-
ter. Larvaj
abundant.

»1 8
20 Badly infested.

15
June 29. Scales
not affected.

Scales not af-

f e c t e d by
winter. Lar-
V ae a b u a-

dant.

100 Moderately
fested.

In- June 29. Scales
dead. Tree
somewhat in-

jured.

Summary.—These experiments included 58 pear, plum, peach

and sweet cherry trees. All of them were sufficiently infested

,/

•Sprayed with 20 per ct. in late NoTemberi with 15 per ct. In early Decembeiv
•Bearing.



New York AcRicui/ruRAL Experiment Station. 325

to give definite results. It will be noticed tliat although" 49 out

of 58 trees were sprayed with 20 per ct. kerosene the scales were

not killed in any instance except one, and that was on four peach

trees that were killed by the oil and the scales died with them.

In every case where 40 per ct. and higher percentages were used

the scales were killed.

SPRAYING BXPEIRIMENTS TO DETERMINE THE EFFECTS OF SUMMER
APPLICATIONS OF KEROSENE OIL UPON HEALTHY BEARING CANES

AND BUSHES.

In these experiments two grades of kerosene oil, 100° and 150°

fire test, were used, as follows:

Series la.—In this test 100° fire test oil was used on healthy,

bearing gooseberry and currant bushes and pear and apple trees.

Two applications were made, the first on April 27 and the

second on May 5. On the former date the weather was bright

with slight wind. Temperature 62°. The average temperature

during the week following was 64°. On the latter date the

weather was hazy, partially cloudy, slight wind, temperature 56.

Average temperature during the week following 61°.

Table VII.—Bearing Bushes Sprayed with 100" Fire-Test Kerosene.

Por-

^
,

««"*• Results. Checks.
Kind. Ko. -^l

Goose-
berries:
27 varieties, 27 25 Burninc? of foliage varied from Two to 5

one-fiftli to tbree-fourths, in- bushes of

jured leaves dropped early, each variety,
thus weakening bushes; latter Nearly all

wintered poorly; about half died w i n t e r e d
next spring. well.

Currants:
... iio ^ IS Foliage slightly burned in all cases; Four bushes

5 varieties, ii>
^ 25 bushes uninjured. of each vari-

ety.

•Two bushels of each variety sprayed ; 15 per ct. oil first application, 25 per ct. second.
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The following experiments with pear and apple trees included

but one application of oil. The apples were sprayed May 4 and

5, The w^eather was bright, slight wind, temperatures May 4,

54°, May 5, 56°. Average temperature during the following

week 60°. The pears were sprayed May 12. The weather was

bright with a strong wind. Temperature 64°. Average tem-

perature during the following week 55°.

Table VIII.—Bearing Apple and Pear Trees Sprayed With 100°

Tiees.'

Dwarf Pear:
Principally Bart-

lett.

40

Fire-Test Kerosene.

Kind.
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Trees.*

Kind. No.
Percent-

age oil.

Besults.

Atple:
Principally Bald- 10 20 No injury,
win and Green-

ing.

Principally Bald- 3 15 No injury,
win and Green-
ing.

Principally Bald- 2 25 No injury,
win and Green-
ing.

Principally Bald- 2 40 No injury,
win and Green-

ing.

Principally Bald- 1 50 No injury,
win and Green-

ing.

Principally Bald- 1 60 No injury,
win and Green-
ing.

Principally Bald- 1 100 Slight burning of the foliage,
win and Green-
ing,

Pear:
Dwarf Bartlett. 4 15 No injury.
Dwarf Bartlett. 4 25 Very slight burning of foliage on wind-

ward side.

{Nummary.—These experiments show, principally, the difference

between the 100° and 150° oils in their effects on apple and pear

trees. The former injured the foliage in all cases, even with 15

per ct., and when used at 60 per ct. and above seriously injured

the bark as well. The 150° oil did not injure the trees except

when used pure, when the foliage was slightly burned.

general summary and discussion of results.

The results taken as a whole indicate that peach and plum

trees are more susceptible to injury by kerosene oil than apple

and pear trees. Peach trees were the most sensitive, being

killed by the lowest percentage (20 per ct.) used. The experi-

ments to determine the percentage of high grade oil required to

kill the scales showed very definitely that a 20 per ct. mixture

had practically no effect, but that a 40 -per ct. mixture killed the

scales in every case. Kerosene oil of 100° fire test proved dan-

gerous to apple foliage at a percentage as low as 15, while ISO''

'Trees in full bearing.
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oil did not injure the foliage except when used pure and then

only slightly. So far as could be ascertained, temperature and

weather conditions had little effect on the results, as the effects

of spraying were practically the same under varying conditions of

heat and cold, sunshine and cloudy skies.

The results of these experiments are also sufficiently definite

to indicate that kerosene oil may be used during the winter on

apple and pear trees at a percentage (40 per ct.) strong enough to

kill the scale without endangering the tree; but that it is imprac-

ticable for use on peach trees and dangerous to plum trees.

II. METHODS OF COMBATING THE SAN JOSfi SCALE.

There are two principal methods Of combating the San Jos6

scale in the orchard: First, fumigating the infested trees with

hydrocyanic 'acid gas; and second, spraying with some caustic

substance that will penetrate the scale and kill the insect beneath

or seal it over so firmly as to entirely smother it.

FUMIGATION.

Fumigation is practicable only for comparatively small trees

that can be safely cut back to about twelve feet in height and

about eight feet in diameter. Either a tent or a canvas box may
be used. The former is likely to be unsatisfactory because of the

difficulty in accurately estimating its cubic contents and the

trouble involved in handling. The box fumigator^ avoids these

difficulties and if not too large is more satisfactory. A modifica-

tion of the box type has been used by Prof. W. Gr. Johnson^ with

reported success. It consists of a box which is let down over the

top of the tree by means of a mast and pulley. The top of the

box consists of a canvas hood which adjusts itself to the height

of the tree. The cubic contents of the rigid part of the box can

be easily ascertained and the cubic contents of the extended

hood estijiiated.

^A form of box fnmigntor is described in Bulletin 181 of this Station.

'TJ. S. Dept. Agr. Div. Ent., Bill. 20, u. ser., pp. 43^5.
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The amount of cijanide to use.—'The amoimt of cyanide to use

depends upon the strength required and the size of the tent or

box. For fumigating orchard trees in winter use 0.3 gram of

cyanide per cubic foot of space inside the tent or box. For

example, suppose a tree is to be fumigated wnth the box fumi-

gator described in our Bulletin No. 181. This fumigator meas-

ures 10x6x6 feet. It contains, therefore, 360 cubic feet. We
wish to use the gas at a strength of 0.3 gram of cyanide per

cubic foot. The amount of cyanide required would then be

360x0.3=108.0 gram.s3 or 3.51 oz.

After reducing to ounces use one and one-half times as many
fluid ounces of sulphuric acid as cyanide, and one and one-half

time as much water as acid. This would make the formula for

fumigating a tree in a 10x6x6 ft. fumigator with gas containing

0.3 gram of cyanide per cubic foot as follows:

Cyanide of potassium 98-99^ pure 3.51 oz. avoir.

Sulphuric acid 5 . 27 fl. oz.

Water 7.90 "

The exact amount of acid is not important. A small fraction

of an ounce will make no difference. In this case 5 oz. would

answer the purpose or if preferred o^ oz. could be used. Like-

wise eight ounces of water could be used in place of 7.9 ounces.

The water should first be placed in the generating dish, which

should be a flat-bottomed, open dish, preferably earthenware, the

acid being added slowly. "V\Tien all is ready, drop the cyanide

into the dish. A very convenient way to handle the cyanide is

to measure it out in small Manila paper bags and when ready

to set off the charge drop the bag with the cyanide into the acid.

Cyanide of potassium can usually be had for about 33 cts. a

pound and commercial sulphuric acid by the carboy (about 12 gal-

lons) at 1^ cts. a pound. At these prices the cost of the chem-

icals to fill the above fumigator with gas containing 0.3 gram of

cyanide per cubic foot would be about 7^ cts.

'One gram is equivalent to .03257 oz. avoirdupois.
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Caution.—Gyamde of potassium is a deadly poison and hence

should be properly handled and labeled. When exposed to the

air for a few hours it absorbs moisture; it should therefore be

kept in a tight box in a dry place. Hydrocyanic acid gae is also

very poisonous and hence, when fumigating, the operator should

be careful that the tent or box has aired for a few minutes before

he goes inside.

SPRAYINQ

A large number of mixtures have been, tested with a view to

ascertaining a satisfactory wash to destroy the. scale. At present

three are considered the most satisfactory here in the East,

namely, kerosene oil, crude petroleum and whale-oil soap solution.

A discussion of kerosene oil is given in the first part of this

bulletin.

Crude petroleum.—Crude petroleum can be obtained from any

dealer in kerosene oil. The quality that seems to determine its

value as a safe insecticide is.its specific gravity which should not

be less than 43° (Beaum«5 oil scale) at 60° F. Oils of lower

specific gravity have been found to be more dangerous to the

trees.

Method of application.
—Crude petroleum may be applied pure

or mixed with water by means of a machine especially designed

for the purpose. In either case care should be taken not to apply

too much. The object of the spraying should be to cover every

part of the tree above ground with as thin a film of oil as

possible. If it is mixed with water by means of the pump, use

at least 40 parts of oil to each 60 parts of water making a mix-

ture containing 40 per ct. oil.

When to apply.
—Late winter or early spring is probably the best

time to apply the oil but more experiments are needed to deter-

mine this point. In any case it will be better not to apply it

after the buds have begun to swell; for although this has been

done in some cases without apparent injury, in others it has

ruined the trees. Summer application should be avoided. Care

should be taken not to put too much on the trees and to make
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the applications uniform. The spray should be applied until the

trees begin to drip slightly.

Caution.—Peach and Japan plum trees are more liable to

injury by crude petroleum than either European plume or pears

and apples. It is also to be borne in mind -that the full extent

of the effect of the oil on the tree is not always apparent the first

season—but may require a second season to show the full extent

of the injury if there is any.

Whale-oil soap.
—Whale-oil soap is one of the safest insecticides

that can be depended upon to kill the scale. A caustic soda soap

is preferable to a caustic potash soap. Although the price fluct-

uates somewhat it can usually be obtained in 100 pound lots at

about 4| cts. a pound.

The soap should be dissolved in hot water using two pounds

to the gallon, and should be applied to the trees as hot as

possible. The treatment should be made during the winter.
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FUMIGATION OF NURSERY STOCK *

S. A. Beach.

INTRODUCTION.

The best known way of killing San Jos(5 scale on dormant nurs-

ery stock is by fumigation with hydrocyanic acid gas.^ This

treatment is valuable not only against San Jos^ scale but against

all scale insects which do not winter in the egg stage. It will

doubtless also check the spread of some other kinds of injurious

insects which are liable to be distributed on nursery stock.

Plain directions for fumigating dormant nursery stock with

hydrocyanic acid gas will first be given, after which suggestions

will be made as to the location and construction of fumigation

houses or chambers.

APPARATUS, MATERIALS AND METHOD.

THE EQUIPMENT.

The things needed for fumigating nursery stock with hydro-

cyanic acid gas are: (1) The chemicals; (2) a suitable dish in

which to mix them; and (3) an air-tight box or chamber to hold

the stock while it is being fumigated.

CAREFUL WORKMEN NEEDED.

It is not hard to kill the San Jos6 scale; the difficulty is to kill

it without injuring the plant upon which it is living. The scale

insect is fastened immovably to the plant with its mouth parts

stuck into the bark so that it may suck the plant juices which

constitute its food. It cannot be given poison in its food, but

must be killed by something which comes in contact with its

* Reprint of Bulletin No. 174,

'This substance is commonly known, in liquid foa-m by the name "prussic
acid."
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body. Exposing it to hydrocyanic acid gas kills it if the fumiga-

tion is properly done. Too great an amount of the gas will injure

the plant. If the gas is too weak or the time of exposure too

short, the scale insects may not all be killed. It is very impor-

tant, therefore, that the work be done only by intelligent and

careful workmen.
'

.

DANGER to HUMAN LIFe!

But there is a still stronger reason for keeping this work

always under the direction of a competent person, and that is

because hydrocyanic acid gas is most deadly poison. One full

breath of it may at once stop the action of the heart. A large

dose may cause instantaneous death.

THE CHEMICALS.

Water, sulphuric acid and potassium cyanide are the chemicals

needed for making hydrocyanic acid gas.

/Sulphuric acid (H2SO4).—A good grade of commercial sul-

phuric acid should be used. Its specific gravity should not be

less than 1.82. At present it costs less than two cents a pound,

wholesale. Care should be used not to spill the sulphuric acid

upon either the clothing or the person. It eats the clothing and

burns the flesh.

Potassium cyanide (KCN).—The fused cyanide 98 to 99 per ct.

pure should be used. It is now supplied by the manufacturers

in wholesale quantities for about 30 cents per pound. Somewhat

higher prices are quoted by dealers. It is a white, solid sub-

stance, which absorbs moisture and gradually vaporizes unless

it is kept from the air. It is best to keep it in air tight cans,

plainly labeled "poison," and put where children or others who

may not know its deadly character cannot get it.

Potassium cyanide is one of the most poisonous suhstances known!

Instances are on record where adult persons have been killed by

five grains, which would make a lump about the size of a large

-pea. The vapor from the can in which potassium cyanide is

kept is also poisonous.
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; the fumigation. i

When the stock has been put into the fumigation chamber,

place a glazed earthen-ware dish having a capacity of a gallon

at least on the floor near the middle of the room. If the room

is large use one large gas generator iu each 1000 cubic feet of

space, or use several smaller ones properly distributed.

To generate the gus, first pour into the dish the required

amount of
*

water, then add the sulphuric acid. This process

should not be reversed because when the water is poured into

the acid a more violent action takes place and the acid is liable

to be spattered upon the person doing the work. Lastly drop

into the dish the paper containing the potassium cyanide. Get

out of the room and close the door as quickly as possible ftewgr

very careful not to get a breath of tlie gas. From the time fumi-

gation begins till the room has been thoroughly ventilated a

DANGER placard should be displayed at the door.

Time.—The entomologists who have investigated this subject

are not yet agreed as to the length of time" which should be recom-

mended for the fumigation of dormant nursery stock but they

generally give from 30 to 50 minutes. Sirrine advises that,

when using the formula given below, the stock be fumigated for

one hour. In Johnson's tests, well matured stock of apple, plum,

etc., stood treatment one hour with gas at a strength far above

the standard used
;
so that in general with the standard strength,

no damage need be feared from an overdose with well-matured

stock.* It is well to be on the safe side and continue the fumi-

gation long enough to secure the full benefit of the operation.

Yentilation.—After the stock has been fumigated the room

must be ventilated for at least ten minutes before entering it.

This rule must be strictly enforced because anyone who' enters

•the room before it has been properly ventilated endangers his life.

"Johnson, W. G. Some physiological effects of hydrocyanic acid gas
upon plants. Sci. Amer. Sup,, 48 : 20026.

22 ~:
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THE FORMULAE.

The following formula is recommended by Sirrine for general

use in fumigating well-matured dormant nursery stock. For

each 100 cubic feet of space in the room use:

Formula for Well-Matured.Stock.

Fotassium cyi^L^'de, 98 to 99;^ pure 1% oz. (avoir.)

Sulphuric acid' 1% to 1^^ fl. oz.

Water' 4^/2 fl. oz.

Fumigate for one hour and then ventilate the room ten min-

utes before entering it.

Sirrine's experiments with difi'erent amounts of the cyanide

lead him to the opinion that for g.meral use with well matured

nursery stock the amount should not be less than 1^ oz. per 100

cubic feet, which is the amount gi^en in the above formula.*

He finds, however, that stock, under some conditions, is injured

by even as small a quantity of the cyanide as this. Johnson

reports similar results and recommends for peach whip^, June

budded peach trees, bud sticks and in general all stock which

is not well matured, that the amount of potassium cyanide be

reduced to 18 grams (approximately f oz.) per 100 cubic feet.^

When stock is to be fumigated which is not well matured it is

doubtless best tO' reduce the amount of the cyanide as Johnson

recommends, even if it is necessary to lengthen the time of

fumigation to get satisfactory results. Following Sirrine's ideas

in regard to the proportionate amounts of sulphuric acid and

water the formula for each 100 cubic feet of space would be as

stated below.

°In this formula Mr. Sirrine recommGnds more sulphuric acid and water

to each ounce of potassium cyanide than is cilled for in some other for-

mulae which have been recommended by other entomologists.

*Other entomologists recommend less amounts of the cyanide. Johnson's

formula calls for approximately ^a oz. per 100 cubic feet; Alwood uses

1 oz., Marlatt 1 oz. and Webster % oz. per 100 cubic feet for well matured

stock.

'Johnson, W. G. 1. c.
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FoRMUi-A FOR Immature Stock, Bud Sticks, etc.

Potassium cyanide, 88 to 99;^ pure % oz. (avoir.)

Sulphuric acid % fl. oz.

Water 21/2 fl. oz.

REFUMIGATION.

Johnson finds that the peach will not stand a second fumiga-

tion. Apple, pear, etc., are not injured by it, but it is well not

to expose stock a second time to the gas after it has been once

properly fumigated.

FUMIGATION OF STOCK NOT DORMANT.

Stock which has passed out of the dormant condition cannot

be safely fumigated with gas at the strength given for dormant

stock, neither can it in the fall before the leaves have dropped.

THE FUMIGATION HOUSE.

The first essential in building a room or box to be used in the

fumigation of nursery stock is to make it air tight. If the room

is not air tight the results will be uncertain and surely unsatis-

factory.

It is also important that the room or house be so located that

it can be readily ventilated without having the escaping gas

interfere with other work. It is best to provide for ventilation

by flues opening through the roof. This is especially desirable

where the fumigation chamber occupies a portion of a packing

shed or any other building which is filled with workmen during .

the fumigating season.

Figures 10 and 11 give different views of a very satisfactory

fumigating house used by the R. G. Chase Nursery Co., Geneva,
N. Y. It is modeled after the house described in Bulletin 57,

Maryland Agricultural Experiment Station, pages 92 and 93. A
somewhat detailed description of it is herewith given because it

represents a very good type of air tight construction.

The outside dimensions of the building are 16 ft. x 32 ft.;

posts 7 ft. and peak of roof 9 ft. high. The studding, which

is 2x4 inch hemlock, is covered outside with building paper lapped
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one-half, then with upright boards battened with 4 inch strips

as shown in the cut. The studding is covered inside with f-inch

ship-lapped lumber; following this is a course of building paper

lapped one-half and then the ceiling of matched boards. The

floor beams are first covered with matched boards, then with

building paper lapped one-half and lastly with matched flooring.

The ceiling beams are covered above with finch ship-lapped

lumber, and beneath with a course of building paper lapped one-

half and then with ceiling of matched boards. The roof is made

of surfaced hemlock laid on 2x4 inch rafters and covered with

roofing paper. For a permanent building a shingled roof with

steeper pitch would doubtless be more economical.

The doors are made after the manner of doors used for cold

storage rooms. They should fit perfectly, and it is well to pro-

vide weather strips or felt for the edges to press against when

the doors are closed. The doors should be firmly supported with

strong hinges. At the top of each large room opposite the

entrance is a small door 3x2^ ft. as shown in Fig. 11. These are

made quite similar to the doors at the entrance. They aid in

securing rapid and thorough ventilation. Flues from each large

room leading through the roof are made for the same purpose.

These are fitted with air tight covers at the top, which are

opened from the roof as shown in Fig. 11. They are closed at

the bottom by a slide which is reached from the roof through

the flue.

The interior is divided into two large rooms and one small one

by partitions made of two thicknesses of matched lumber with

building paper between. The large rooms are each 15x13 ft.

and hold about 3,000 apple trees of | inch caliper. The small

room, 4x15 ft., is for fumigating smaller lots of stock.

Every detail of work should be performed with the idea con-

stantly in mind of making the building air tight. The sheathing

paper must be laid smoothly and evenly and the sheathing

boards and ceiling must be free from warps, knots or other

defects which impair their value for the purpose for which they

are intended.
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It is convenient to have a box which will hold about 50 cubic

feet for use in fumigating very small lots of nursery stock, bud

sticks, scions, etc.; then the chemicals can be used at one-half

the strength given for 100 cubic feet. A very convenient form

has the inside dimensions 2 ft. x 3 ft. x 8 ft. It is long enough

to hold ordinary sizes of nursery trees. It may be made air

tight by using building paper and matched boards after the

manner just described for the fumigating house. It should have

an opening low down on one side through which the cyanide

may be dropped into the acid after the top of the box has been

tightly closed. This opening should be closed by a tight fitting

slide as soon as the cyanide has been put into the acid.

Some fumigating houses are made large enough so that a

wagon loaded with nursery stock can be run into the fumigating

room. Where this plan is followed the floor of the wagon box

or rack should be open enough to allow the gas to pass readily

to the lowest part of the load. The fumigation requires no less

amounts of the chemicals when there are not enough trees to fill

the room. In such a house as this the cost of filling the empty

space with gas is so great that some nurserymen believe it is

more economical to unload the wagon and fill the room with

stock, leaving the wagon outside.
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THE NEW YORK APPLE TREE CANKER/

(SECOND REPORT.)

Wendell Paddock.

SUMMARY.

Attention is called to the fact that the canker fungus,

Sphwropsis malorum Pk., occurs on several hosts; viz.: Apple,

pear and quince fruits, and apple trees, pear trees and hawthorn

trees. It is probable that species of Sj)ficeropsis occurring on a

number of other hosts are identical with this, but inoculation

experiments have not yet been carried far enough to show that

this is so.

Sun scald and sun burn undoubtedly have much to do with

the susceptibility of some varieties of apple trees to canker.

Spraying the trees in winter with a whitewash protects them

to some extent from the heat of the sun's rays, and is a partial

preventive of sun scald.

Training the trees to thick, low heads, which afford shade for

trunks and branches in summer is a partial preventive of sunburn.

Spraying with Bordeaux mixture is recommended as a partial

preventive of canker.

Nectria ditissima, a serious canker fungus of European orchards,

has been found on apple trees in New York and in Nova Scotia.

INTRODUCTION.

Previous to the publication of bulletin 163 of tMs Station the

New York apple-tree canker was scarcely known. The injuries

had attracted the attention only of the more observing and were

Eeprinl of Bulletin No. 185.
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Plate LIIL—Sphaeropsis on Apple: 1, Branch Girdled at a and Injured at
6 BY Cankers; Saprophytic Fungi at a also; 2, Same with Dead Bark
Removed; 3, Typical Canker; 4, Bark Showing Pycnidia Natur'al Size.
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Plate LIV.—Sphaeropsis Inoculations on Pear: 1, From Apple Fruit; 2,

Check; 3, From Apple Tree.





1 2 3

Plate bV.—European Canker: 1, Recent Infection; 2 and 3, Oi.d Cankers.
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regarded usually by them as being the result of sun scald, or as

a condition peculiar to the growth of certain varieties of apple

trees. It was only necessarj^, however, to call the attention of

orchardists to the disease and to make known its appearance

and effect, when it was recognized and found to be a serious

pest in most of the apple-growing sections of the State.

While the bulletin above mentioned gives the results of two

years' work with the fungus, it is incomplete; since many ques-

tions arose that could not be answered. The work was con-

tinued through the season of 1900 and a few more facts were

established which add to our knowledge of the disease.

EFFECTS OF THE DISEASE AND APPEARANCE OF
AFFECTED PARTS.

A brief discussion of the work of the fungus and the appear-

ance of cankered limbs will not be out of place at this time; but

for a fuller discussion of the subject the reader is referred to the

former bulletin.

Any part of the trees above ground, with the possible exception

of the leaves, may be attacked by the canker fungus which has

been proven to be SijJiwropsis maloi'um Pk. When the larger

limbs, or in rarer instances, the trunks, are attacked, the inju-

ries are known as cankers. Such injuries are often quite con-

spicuous since the bark becomes thick and rough, and saprophytic

fungi soon gain a foothold causing the parts to turn black. (See

Plate LIII.) The injuries are often several feet in length; and

because of these striking characters, cankered limbs may be

recognized at a considerable distance.

The fungus may live in the outer bark, but here it does little

harm, and true cankers are formed only when it gains entrance

to the cambium layer. Under favorable conditions the fungus

spreads until a considerable area of bark is destroyed. The limb

may be girdled by the fungus, but borers and saprophytic fungi
often complete the work of destruction. An affected branch

may live for a number of years and bear fruit, but if the wound
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is large the normal activity of the branch is seriously interrupted.

The swelling of the bark is probably caused by an excess of food

being dei>osited, as a result of the partial girdling of the limib.

When the twigs are attacked a portion of the new growth may
be killed in much the same manner as when attacked by pear

blight. Much damage may result from such attacks and the

fungus may occur in orchards where there is no evidence of

cankers on the larger limbs.

Black rot of apples was first brought to the attention of the

public by Dr. Ohas. H. Peck^ in 1881. Since then the disease

has been found also on pear and quince fruit; and at the present

time black rot is a common orchard disease. iSeveral experi-

menters have proven the identity of the fungus as it occurs on

the three hosts. Our experiments prove that the black rot fungus

and the canker fungus are identical.

The leaves of ap^ple trees are occasionally attacked by a Sphce-

rojjsis^ when injuries appear in the form of round brown dead

spots somewhat like those from burning hj improper spraying

with Paris green. This form of Sphceropsis has not been

definitely proven to be identical with 8. malorum, but the

indications are that it is the same.

EXPERIMENTS IN 1900.

The inoculation experiments with cultures of the canker

fungus were continued for the purpose of confirming former

results and to determine, if possible, the relationship between

the Sphceropses that occur on various plants. Cultures were

made from cankered apple-tree limbs and from decaying apples.

Trees of various kinds were inoculated, with these cultures, as

given in the table below. A flamed scalpel was used in making

incisions in the bark, then some of the fungus as it had develoi>ed

in the cultures was inserted in the wounds. Check wounds

were made in the same manner but not inoculated, and all

wounds were protected with grafting wax. (See Plate LIV.)

»Aun. Kept. N. Y. State Mus. Nat. Hist., 1881, p. 36.
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Table I gives the plan and results of the experiments, and

includes: Hosts from which cultures were obtained; kinds of

trees inoculated; number of inoculations made; growth of

fuxigus where inoculated.

Table I.—Growth of Sph^eropsis from Different Sources on

Hosts f;nm ^\h'"li cultured

obtain. d.

C Apple tree ]

Different Hosts.

Kiiiii ol ..eo inotuattd.

Appl3 tree.

Pear tree..

Ilawtborn
Cratccyus OTyaca >i tli a...

Nnmber of
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different species, and to a lesser €xtenit the same will be true of

apple and pear trees. The second explanation is that Sphmropsis

is not parasitic on these trees.

The statement was made in Bulletin 163 that the so-called

species of 8p]i(cropsis occurring on apple bark and on decorti-

cated apple wood are identical and that they are also identical

with the black rot fungus of apple, pear and quince fruits,

Sphccropsis malorum Pk. It can now be stated that as a result

of experiments extending through three seasons we hava posi-

tive evidence that this Sphwvopsis occurs on apple trees, pear

trees and hawthorn trees and on apple, pear and quince fruits

and will grow as well on one host as on another. There is then,

no reason for maintaining separate species for the fungus as

it occurs on these hosts.

The results also indicate that there are still other hosts for

the fungus, but further experimentation will be necessary before

they will be definitely determined.

SUN-SCALD, SUN-BURN AND CANKER.

On page 188 of Bulletin 163 reference is made to the occur-

rence of sun-scald, or winter injury, and its connection with the

canker fungus. After becoming somewhat familiar with orch-

ards in a state where sun-scald is a menace to all kinds of fruit

trees, the writer is convinced that this condition is much more

common in New York orchards than is commonly supposed.

TIk longitudinal areas of reddish bark often seen on the south

ana southwest sides of trunk or limb are an indication of sun-

scald. The tissues of this discolored bark have been killed by

sun and frost. At the approach o^ warm weather, fermentation

may set in and a sour odor be given off from the affected parts.

A number of trees of the more tender varieties in the Experi-

ment Station orchards have been ruined by sun-scald and at the

present time the orchards contain several trees that are ser-

iously injured. Such injuries may be looked for in any part of

the State.
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No variety of apple is more susceptible to canker than the

Esopus (Spitzenburg) although a few New York orchardists are

growing this variety to perfection. After an inspection of the

trees, we are inclined to the opinion that the Esopus trees, as

well as some other kinds, are easily "ujurcd by the sun's rays

in summer. Such injury is also common to various cultivated

trees in many parts of the west, where it is known as sun-burn.

The canker fungus finds access to the living tissue through

such injuries and though the injured area itself is small it mdy
soon be greatly extended by the growth of the fungus.

In some parts of the west, orchardists spray their trees during

the winter with a whitewash as a protection against sun-scald.

Whitewash has been used to some extent to prevent the pre-

mature swelling of fruit buds in spring and it has been found

to be some protection against winter injury as well. That the

action of the lime may also have a beneficial effect on the trees

is shown by instances in which a healthy condition of the bark

has followed its use.

The formula given below is recommended by the best authori-

ties for a winter wash. The tallow and salt render the mixture

very adhesive so that it is not readily washed off by winter

rains.

Lime (unslaked) 30 pounds.

Tallow 4 "

Salt 5 "

Dilute with enough water to make it spray easily through a

moderately fine nozzle.

Heading the trees low so as to protect the trunk from the sun

and forming a thick head for the purpose of shading the

branches, help to prevent sun-burn«

THE TREATMENT OF APPLE-TREE CANKER.

The experiments in treating a canker-infested orchard were

continued through the season just closed and again we must

report that no definite results were obtained. However, it is too

much to expect that flattering results will attend a spraying
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experiment of this Ivind, since old infections cannot be cured and

new ones are not rapidly formed.

Another year's observation confirms the recommendations

made last year in regard to spraying with Bordeaux mixtuie,

with good orchard sanitation, as a preventive of apple-tree

canker. The presence of this disease in aeglected orchards and

its absence in orchards that have been well sprayed and well

cared for in general, is strong evidence that with most varieties

the disease may be easily controlled; but with some of the more

susceptible kinds as the Esopus and the Twenty Ounce it is quite

probable that the conditions known as sun-scald and sun-burn

must be overcome before the canker fungus will be successfully

combated.

Another point of practical importance not mentioned in the

former bulletin is the method that some orchardists have

adopted for saving the larger diseased limbs. This is done by

sawing the limb off just back of the diseased area and then

inserting cions of the same variety.

MACROPHOMA AKD APPLE-TREE CANKER.

In Bulletin 163, page 203, Macrophoma malorum (Berk.) Berl.

et Vogl,, is mentioned in connection with the body blight of the

pear. This fungus is very common on both apple and pear trees

and during the past season a number of cankered apple-tree

limbs were found on which the injuries were evidently due to its

attack.

Vfter repeated trials the fungus was finally induced to grow

luxuriantly in test tube cultures where it fruited abundantly.

The spores germinate readily in potato agar, but make very little

growth. When transferred to sugar beet plugs they made bet-

ter growth, but produced no spores. The method finally adopted

was to make plate cultures of the spores when they were located

under the microscope, then transfer to sterilized bean stems in

test tubes.
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This Maoroplioma resembles SpJimropsis malorum Pk., closely

in all respects except that the spores are hyaline, the spores of

SpUceropsis being dark, Saccardo even suggests that it may be

an immature stage of that fungus. But since the spores are

still hyaline when germination takes place and, after sufficient

growth, they in turn produce hyaline spores, there is no doubt

as to the distinction between the two species.

Numerous inoculations were made in both apple and pear

trees with cultures of the Macrophoma from both of these hosts,

but in no instance were positive results secured. These experi-

ments should be repeated, however, before deciding that the

fungus is not parasitic.

THE EUROPEAN CANKER.

Mention is made in Bulletin 103 of the canker fungus, Nectrla

ditissima, which is a common and serious orchard disease in

many parts of Europe. N. cinnabarina is also mentioned as hav-

ing been found on quince trees in an orchard near Geneva and

an illustration is given of the injury that is produced. This

species is quite common in America, but is not regarded as being

particularly injurious. Up to this time the former species had

not been recorded as occurring on apple trees in America, but

during the past season specimens of apple limbs were received

at the Experiment Station which proved to be infected with

this fungus. ;

• ..^-:.-\ ,,-. -.. --'r

The following account of this disease is quoted from Science.^

"
Shortly after Bulletin No. 163 of this Station, entitled 'A New York

Apple Tree Canker,' was distributed, the writer received specimens of dis-

eased apple limbs from various parts of the United States and Canada.

Among the rest was a specimen from Nova Scotia which was noticeably

different from any that I had yet seen. The injury was about six inches

long on a limb two inches In diameter. Within the diseased area was

*
Paddock, W. European Apple Tree Canker in America. Science, 12 :

297-299.
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a series of six ridges or convolutions In the wood surrounding a central

starting point, each one of whicli evidently marlied a year's growth of a

parasitic fungus. The fungus, Sphwropsis malorum Pk., which has been

shown to be the cause of the common New York apple-ti-ee canker, is

more active in its growth. With this disease large areas of bark may be

destroyed and the wood laid bare, or In other Instances the bark may be

much swollen and roughened, but the form of Injury desci-ibed above does

not occur.

The appearance of the diseased limb, which was similar to that shown

in Plate LVI at 3, strikingly resembled the work of Neclria ditissima as

illustrated and described by European writers. However there was no

fungus fruit in evidence, and as I was unsuccessful in obtaining more

specimens the matter was dropped for a time.

In the. latter part of May several specimens of diseased apple limbs

were received from East Homer, Cortland County, N. Y., that were similar

in appearance to the one from Nova Scotia, but in addition many portions

of the dead bark and wood were thickly studded with the minute, deep

red perithecia of a Nectrta. Among the specimens were examples of

recent infections as is shown at 1, in the plate, as well as cankers of

several years standing. The perithecia were abundant on all these speci-

mens, so there seemed little doubt but that the Nectria was the cause of

the diseased condition.

On visiting the locality it was found that the fungus was evidently con-

fined to a small area and but few additional specimens were secured.

Through the kindness of Professor F. C. Sears, Wolfville, N. S., more

specimens of the diseased apple limbs were obtained from that locality

in June and the perithecia of the Nectria were found to be abundant on

them. Professor Sears writes that this form of canker is doing serious

damage in some of the orchards of the Annapolis Valley.

Specimens of the diseased branches were sent to Dr. R. Hartig, Munich,

Germany, for identification, who writes that the cankers are caused by

the fungus Nectria ditissima.

So far as I know this fungus has not as yet been recorded as occurring

on apple trees in America, and its appearance in our orchards is of great

practical importance since it is a serious pest to European fruit growers,"

Since the above article was written, I have had an opportunity

of comparing the fungus with specimens of N. ditissima on

cankered apple trees which were collected for me in England by

Mr. H. Hadlow of this Station. There is no doubt as to its

identity.



SPRAYING IN BLOOM *

An Account of Laboratory and Field Experiments by the

New York Agricultural Experiment Station, Geneva,

N. Y.; Including also the Results op Field

Experiments by the Cornell University

Agricultural Experiment Station,

Ithacaj N. Y.

SUMMARY.

results of investigations by the
CORNELL university AGRICULTURAL EXPERIMENT STATION,

ITHACA, N. Y.

Tbe field experiments conducted by the Cornell Experiment

Station show no decisive results from spraying apple trees when

in bloom. This is probably because the year 1900 was one of

heavy crop and of little disease, and good or fair crops followed

all treatments and even no treatment. It is significant, how-

ever, that thorough spraying when in bloom did not seem to

diminish the crop.

There was no apparent injury to the blossoms on trees sprayed

when in full bloom.

RESULTS op INVESTIGATIONS

BY THE NEW YORK AGRICULTURAL EXPERIMENT STATION,

GENEVA, N. Y.

During the season of 1900 the Station commenced an investi-

gation of the effect of spraying fruit trees when in bloom with

the mixtures commonly used in fighting insects and diseases

in orchards. Studies of the effect of the spray mixtures on the

Reprint of B.ulletin No. 196.
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germination of pollen and the growth of pollen tubes were made

in the laboratory; and in the orchard the effects of spraying

the trees when in full bloom were observed.

The spraying mixtures and even the lime alone prevented the

growth of pollen in weak aqueous solutions of sugar.

In Bordeaux mixture, 1 to 11, diluted with a weak aqueous

sugar solution to only 200 parts in 10,0T)0, pollen rarely germi-

nated; 100 parts in 10,000 in some cases wholly prevented the

germination of pollen; 50 parts in 10,000 in some cases wholly

and in others partly prevented the germination of pollen, aud

always much retarded and dwarfed the growth of the pollen

tubes. Even 2 parts in 10,000 sometimes had an adverse influ-

ence on the germination of the pollen.

Where apple blossoms, in the earlier part of the blooming

season, were hit by a spray of Bordeaux mixture combined with

an arsenical compound, they generally failed to set fruit. Blos-

soms which had been open several days before they were hit

by the spray seemed to have reached a stage where this treat-

ment did not check the setting of fruit. Apparently conflict-

ing results are reconciled by a clear understanding of this point.

There is a great difference between young blossoms and old blos-

soms in their susceptibility to injury by spray mixtures.

By spraying repeatedly during the 'blooming season, thus

hitting the new blossoms as they opened from day to day, the

blossoms were nearly all destroyed and as a consequence scarcely

any fruit set.

A number of sprayed blossoms were observed which had some

of the spray mixture on the stigmatic surface, l^one of these

set fruit.

During the season of 1900 the orchards under experiment were

so free from attacks of apple scab and other fungous diseases

that no information was gained as to whether or not such dis-

eases may be controlled better by spraying in bloom than by

earlier and later treatments.

Even with trees which had a great abundance of blossoms

spraying but once during the blooming season decreased the



Kew York Agricultural Experiment Station. 353

jield on the average from one-third bushel to one and a half

bushels per tree.

Spraying in bloom, -while it thinno:! the fruit, did not always

decrease the amount of marketable fruit.

The evidence indicates that spraying in bloom has the effect

of thinning the fruit if the treatment is given soon after the

blossoms open. Should the trees have but little bloom it would

seem, therefore, that such spraying might cause a decided loss

in yield of marketable fruit. Further experiments however, are

needed before this point may be considered as thoroughly estab-

lished.

IXTRODFCTION.

S. A. Beach.

The practice of spraying fruit-bearing plants in bloom, espe-

cially apple trees, started a few years ago. Among some of the

fruit-growers in this State it soon spread to such an extent that

the bee-keepers became alarmed at the prospect of serious injury

to their interests by the wholesale poisoning of the bees which

might visit the sprayed blossoms. Accordingly they succeeded

in 1^98 in securing the enactment of a law making it a misde-

meanor to apply any poisonous substance in any way to fruit

trees in bloom.^

Some of the fruit-growers who had come to believe that better

results could be gained by spraying in bloom than by spraying at

any other time were very much opposed to the law and tried to

^CHAPTER 325, LAWS OF 1898.

An act to prsvent the application of poison to fruit trees while in

Iblossom,

The people of ifie State of Neic York, represented in Senate and Assembly,
do enact as follows:

Section 1. Any person who shall spray with, or apply in any way,
poison or any poisonous substance to fruit trees while the same are In

blossom, is guilty of a misdemeanor, punishable by a fine of not less than
ten dollars nor more than fifty dollars.

Section 2. This act shall take effect July first, eighteen hundred and

(ninety-eight.

23
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get it repealed. So firmly convinced were ther of the advan-

tages of the prohibited way of spraying that they appealed to

the Cornell University and New York Agricultural Experiment

Stations, at Ithaca and Geneva, respectively, to make tests com-

paring spraying in bloom with spraying at other times. The

Station Directors replied that such tests could not be made
without violating the law. The matter was then presented to

the legislature with the result that the law was so amended as

to permit the experiment stations to spray trees in bloom for

experimental purposes. We have seen no record of any sys-

tematic tests along this line excepting the accounts of work

on those phases of the question which relate to the poisoning

of bees by spraying poisons on the blossoms, and to the part

bees play in the setting of fruit.

The problem which the stations have been asked to solve is

not a simple one. These are some of the questions which it

brings up:

1. Does spraying in bloom give superior protection to the fruit

against the attack of insects and diseases?

2. Does it increase the yield?

3. What is the effect on blossoms which are hit by the spfay?

4. To what extent are insects helpful in setting fruit?

5. What is the effect on insects which visit the sprayed

blossoms?

The results of the investigations which were conducted in 1900

are conclusive on some points. This is especially true of the

laboratory tests. The field tests, however, are generally incon-

clusive as to the practical results of spraying orchards in bloom.

When the conditions of the season of 1900 are considered in

relation to the points under investigation it is not surprising that

the tests of the influence of the treatment on the yield were not

altogether conclusive. In some seasons the conditions are very

favorable to the development of the apple-scab fungus. There

is reason to believe that in 189S this fungus was quite destructive
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not only to fruit and foliage, but even to the blossoms of the

apple. In 1900, on the contrary, the foliage, blo&soms and fruit

in the apple orchards of Western New York were generally free

from its attacks. The benefit from spraying apple orchards,

therefore, was generally much less in 1900 in this section than

it was in 1898. The advantage or disadvantage of spraying in

bloom may be expected to appear in the most striking manner

in a season when the scab fungus and other diseases of foliage

and fruit are most aggressive, and when the blossoms are not

very abundant. It may be necessary to continue the investiga-

tions for several years before satisfactory general conclusions

on the subject are established. It is desirable, therefore, to pub-

lish this preliminary report to give an account of the progress

of the work and to direct the thought of those who are interested

in the subject towards the main points which are under inves-

tigation.

Professor L. H. Bailey has very kindly offered the results of

the field experiments by the Cornell Experiment Station on

spraying apple orchards in bloom for publication in this bulletin.

Because of this courtesy we are enabled to present in one pub-

lication the results of the investigations by both the New York

and the Cornell Stations in 1900. The report of the field work

by the Cornell Station will be presented first and afterwards

the work of this (Geneva) Station will be considered.

I. FIELD EXPERIMENTS OF CORNELL EXPERIMENT

STATION ON SPRAYING FRUIT TREES IN BLOOM.

L. H. Bailey.

There has been much discussion in the past two or three years

as to the soundness of the advice that apple trees must not be

sprayed when in bloom. It has been said by the experimenters

that spraying trees when in bloom gives no additional protec-

tion over spraying just before or just after they bloom, that it

may interfere with the setting of the fruit, and that it may kill

the bees which are considered to be indispensable agents in the
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polliuation of the flowers. These teachings have been so gener-

ally accepted that there is a law on our statute books making
it a misdemeanor to spray fruit trees when in bloom because

the spraying is liable to kill the bees. In certain parts of the

apple-growing regions in Western New York, there has arisen

a feeling that better results are to be secured if the trees are

sprayed when they are in full bloom; and this belief is founded

upon tests made by practical men. Growers who found it impos-

sible to complete the spraying before the trees were in bloom

found that the latter-sprayed trees gave better results. The

following notes will indicate the origin in Western New York of

this belief in the efficacy of spraying apple trees when they are

in full blossom. These notes are given here only for the pur-

pose of showing how strong the conviction is in some places,

that spraying in bloom is a good practice, and of explaining

why the experiment stations have taken up the investigation of

the subject.

The beneficial results that are said to follow the spraying of

fruit trees when they are in bloom were noticed in Western

New York by an apple-grower of Gasport, in 189S. He had

planned to spray all his apple trees that year according to spray

calendar directions, that is, just before the blossoms opened;

but the extent of his orchard and several unavoidable interrup-

tions, including rainy weather, prevented him from doing so.

The result was that part of his trees were sprayed before the

blossoms opened, part when they were in full bloom, and part

after the blossoms had fallen. Bordeaux mixture and Paris

green were used in all cases. A second spraying with the same

mixture was given after the fruit had set. This grower reported

that he had by far the largest crop and finest fruit on those trees

that were sprayed when in full bloom, and that the percentage

of inferior fruit increased on other trees as they were further

removed from this period of spraying. In the same year a

smaller orchard owned by this man was sprayed with Bordeaux

and Paris green while in full bloom, and again just after the

fruit had set. It produced a fine crop of fruit, while other
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orchards near by were unproductive. Other fruit-growers of

Gasport and vicinity noticed the results of this spraying in 1898,

and substantiate the reports. In 1899, therefore, this grower

sprayed as much of his larger orchard as he could when the trees

were in full bloom, and the results of 1898 were duplicated.

Xever did he have a larger crop and finer fruit. In 1900, this

orchardist sprayed again when the trees were in full bloom. He
'' aimed to spray every blossom well." ''

I had twice the amount

of apples—over 2,000 barrels—the quality the best I ever had,

so that I am convinced more than ever that spraying in the

blossom is the time to do it."

Adjoining him is an orchard of nearly the same age and vigor.

Until 1808 the two orchards had been about equally productive,

with perhaps a little difference in favor of the former. In 1899

the latter grower sprayed all his trees before they had bloomed,

but not during the blooming season. Although the trees

bloomed as full as the neighbor's that year, they bore but

a scanty crop, and the fruit was somewhat inferior to that from

the neighbor's trees which were sprajed when in bloom.

Another apple-grower of Gasport sprayed his trees for the

first time in 1899. Being then skeptical about the value of

spraying, he made a few experiments. Four of these tests are

of interest here: (1) Thirty-six trees of Twenty Ounce were

sprayed with Bordeaux mixture and Paris green when in full

bloom. They bore 224 barrels of Ko. 1 fruit, an average of 6;^

barrels per tree. (2) Five trees of the same variety which were

sprayed after the blossoms had fallen bore five barrels of No. 1

fruit, or one barrel per tree. (3) Three times as many market-

able fruits matured on one side of a row of King which was

sprayed while in full bloom as on the other side which was

sprayed after the blossoms had fallen. (4) The low^er limbs of

one Baldwin tree were sprayed while in full bloom, and the

upper limbs five days later when most of the blossoms had

fallen. Only the lower limbs of this tree produced first-class

fruit. (5) Five trees of Twenty- Ounce were sprayed on one side
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when in full bloom and on the other side when the blossoms had

fallen. More and better fruit was taken from the side sprayed

in full bloom. The whole orchard, including the trees under

experiment, was sprayed again with Bordeaux and Paris green

when the fruits were as big as marbles. The grower has photo-

graphs of the experimental Baldwin and Twenty Ounce trees,

showing the difference in their fruitage. In 1900, tests were

again made with these trees: 36 trees sprayed in full bloom gave
'' 150 barrels of No. 1 fruit," and 2 trees sprayed when the blos-

soms had fallen gave
" 1 barrel of No. 1 fruit and 3 barrels of

No. 2 fruit."

A fourth grower of Gasport sprayed part of his orchard in

1899 before the trees blossomed, but was interrupted, so that

the remaining trees were not sprayed until they were in full

bloom. He had a good crop only on the latter trees.

A fruit grower of Orangeport has an old orchard, mostly

Rhode Island Greening, which was in sod till 1899, and had never

been productive. That year it was plowed, tilled and sprayed

with Bordeaux and Paris Green. As the owner was not able to

cover the entire orchard before the blossoms opened, he was

compelled to spray a block of 36 trees near the road when they

were in full bloom. " Those 36 trees bore more good fruit than

the remaining twelve acres in my orchard. I believe it was due

to the fact that I sprayed them in full bloom. I am spraying

most of my trees this year at that time."

In 1899, another man in Orangeport sprayed all of the trees

in his small Baldwin and Roxbury Russett orchard when they

were in full bloom. The very full crop which he took from the

trees that year M attributes to the spraying in bloom.

Still another Orangeport grower has one Rhode Island Green-

ing tree which was sprayed in 1899 when in full bloom. "
It had

twice as many perfect apples on it that year as any other Green-

ing on the place."

Other fruit-growers in Western N-ew York assert that they

have observed an advantage from spraying at blooming time, but

the experiences here given are all that were investigated. Various
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fruit-gTOwers in Western New York sprayed tbeir apple orchards

last season when the trees were in bloom, there being a strong

conviction that this treatment greatly benefits the crop.

EXPERIMENTS IN THE FIELD IN 1900.

At the request of the Niagara County Farmers' Club, the Cor-

nell Experiment Station conducted cooperative experiments with

several fruit-growers in Western New Y^ork in 1900, to discover

what benefit, if any, results from spraying fruit-trees when they

are in full bloom. The experiments in the orchards of Harry

Jackson, Medina, W. R. Mudge, Hartland, and S. S. Hopkins,

North Ridge, were under the direct supervision of the Station,

and all the details of spraying and record-taking were performed

by an officer. The experiments in the orchards of Frank Chap-

lin, G-asport, Henry Bugbee, Gasport, and F. B, Freeman, Middle-

port, were directed by the Station, but the spraying and record-

taking were done by the owners of the orchards. These men did

careful work, and we have no hesitation in considering the

results of their work as of equal value with our own. Their

orchards were inspected. The work in all the experiments was

placed in charge of S. W. Fletcher, connected with the Experi-

ment Station, who gave the subject most careful attention. The

following notes are largely his.

Unless otherwise stated, the trees in these experiments were

divided into four lots: (1) Sprayed before the blossoms opened;

(2) sprayed when the trees were in full bloom; (3) sprayed after

the fruit had set; (4) not sprayed during the season. It was

planned in the beginning to spray the third lot of trees immedi-

ately after the blossoms had fallen, but this spraying was

unavoidably delayed till a week later. None of the trees used in

these experiments received any spraying except what is recorded

in this report. The spray used in all cases was Bordeaux mixture

(mostly 4 lbs. blue ^'itriol and 4 lbs. lime per 50 gallons) to which

was added Paris green ait the rate of one-half pound to 50 gal-

lons of Bordeaux.
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Following- is a sketch of the weather in Niagara aud Orleans

counties during the blooming season 1900:

Monday, May 13. Sunny most of the time. Very windy.

Tuesday, May 14. Partly cloudy, cool, very windy in morn-

ing. Thunder heads came up at 3 p. m., and there were heavy

showers through the night.

Wednesday, May 15. Cool and cloudy in morning, becoming

slightly warmer and sun came out in afternoon.

Thursday, May 16. Light showers from 6:30 to S:30 a. m.

Cleared off at 10. Sunny with cool wind in afternoon.

Friday, May 17. Cool and cloudy all day.

Saturday, May 18. Cool and cloudy in morning. Sun came

out at 9:30, but. cold wind during reet of the day.

Sunday, May 19. Sunny; cold northwest wind.

Monday, May 20. Opened with a slight shower at Medina,

becoming sunny and a little warmer in afternoon, but wind cool.

The first three experiments were made in the orchard of Harry

Jackson, Medina. This is an orchard of about twenty acres,

twenty-five years old, and is mostly Baldwin and Rhode Island

Greening, with a few Maiden Blush, Twenty Ounce and Spy

intermingled. It was in sod and pastured with sheep until the

spring of 1899, when it w^as plowed and then tilled once a week

through the summer. Tillage was begun the past season, but

was discontinued in mid-summer. The orchard was sprayed for

the first time in 1899, the Kedzie mixture of white arsenic and

sal-soda being used, and about six pounds of lime added to every

50 gallons of mixture. Two sprayings w^ere given; the first

before the blo&som-s opened, and the second w^hen the fruit had

set. The same treatment was given to all but a few trees, which

were unavoidably sprayed when in full bloom. A numerous

brood of canker worms w-as kept down that year by the arsenite.

Very few^ were seen last season (1900). A few bud moths and

case-bearers could be found in 1900, but not enough to do serious

damage. All varieties except Spy have been nearly free from
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scab, although no blue vitriol had been used in the orchard. The

orchard has been fairly productive, but not profitably so.

Experiment 1 (Jackson).
—

(1) Twenty large Baldwin trees,

fairly uniform in size and vigor, were selected in one row. All

the trees bloomed full. The first spraying was done Monday

morning, May 13, when the blossoms were just ready to burst,

but none had yet opened. Sixty gallons of Bordeaux (with Paris

green) were applied to five trees. Weather sunny and rather

windy. (2) The second lot of trees was sprayed Monday, May 20,

at 7:30 a. m., eighty gallons of Bordeaux (and poison) being used

on the five trees. Fully ninety per ct. of the blossoms were

open at this time. A light drizzling rain came up at 8:30 a. m.,

and lasted till 9:30 a. m., but not long enongh to wash off much

of the spraying mixture. The sun was out at 10:45 a. m, (3)

The third lot of trees was sprayed Saturday, June 9, when the

fruits had set, but had not yet turned down. About the same

amount of Bordeaux was used as in previous sprayings. Weather

partly cloudy, the sun coming out bright occasionally. (4) Five

trees in the row were left unsprayed.

On June 9 and August 20, the following records were taken on

these trees:

Table I.—Fkuit-Setting of Baldwin Apple Tsees Spkayed at Dif-

ferent Times.

Tree.
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This shows no decided g-ain by any treatment. Eyen the

unsprayed trees gave g-ood results. At picking time, In October,

the difference between the crops was indistinguishable.

Experiment 2 (Jackson)—(1) The east sides of four well-grown

Maiden Blush trees were sprayed on Saturday morning, May 19.

About five gallons of Bordeaux were applied to each half tree.

All the sides showed an abundance of bloom, and about ninety

per ot. of the blossioms were open at the time of spraying.

Weather cool and partly cloudy. A slight wind carried a little

epray over to the west side of the trees. (2) On Saturday, June

9, when the fruit had set, the west siides of these four trees were

sprayed. All of the trees had been sprayed alike with the Kedzie

mixture by Mr. Jackson before the blossoms opened.

At the second spraying, June 9, and on August 20, these records

were taken:

Table II.—Fruit-Setting of Maiden Blush Apple Tkees Sprayed in

Halves at Different Times.
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Table III.—Fkuit-Setting of Twenty Ounce Apple Trees Spkayed in

Halves at Different Uimes.
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Table IV.—Fruit-Setting of Baldwin Apple Trees SpPvAted at Dif-

ferent Times.

Tree. When sprayed. Set ol fruit, June 11.

full

1
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Table V.—Fkuit-Setting of Baldwin Apple Tkees Spkayed at Dif-

ferent Times.

Tree.
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central blossoms of a few clusters were open. (2) Monday after-

noon, May 21, three trees each of Baldwin and Greening were

sprayed. These trees were then in full bloom. (3) The third

lot of trees, consisting also of three Baldwins and three Green-

ings, was sprayed Monday afternoon, June 11. Weather clear.

(4) Two trees, one each of Baldwin and Greening, were left

unsprayed during the season. William Bugbee, who had charge

of the spraying in his father's orchard, does a very thorough job

with the spray nozzle. He plans to put eight gallons of Bor-

deaux on a tree. The Bordeaux and Paris green used in spray-

ing the experimental trees was that with which Mr. Bugbee

sprayed the remainder of his orchard.

The set of fruit on the trees in the experiment was estimated

on June 11 and August 21 as follows:

Table VI.—Feuit-Settixg of Apple Tkees Sprayed at Different

Times.

ehode island greening.

Tree.
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At picking time, the orchard was again inspected, and the

trees sprayed in bloom seemed to have the best fruit. Mr. Bug-

bee sorted and graded the apples separately from the various

trees, as he would grade for market. The total crop on the

experimental trees was 84 barrels. Mr. Bugbee thinks that
" two conclusions may be drawn from this experiment: (1) Fruit

is poorer quality when not sprayed; (2) fruit is best quality

when sprayed in bloom." His figures are as follows:

Table VII.—Yield of Apple Trees Sprayed at Different Times.

BALDWINS. GREENINGS.
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center blossoms were open on the south side of each tree, five

trees were sprayed. Weather cool and cloudy at time of spray-

ing, but sun came out bright at 10 o'clock. (2) Five more trees

were sprayed Monday, May 21, when Mr. Hopkins judged them

to be in full bloom. One hundred gallons of Bordeaux were

used on these five trees. The weather was sunny at this spray-

ing. (3) A third lot of fiA'e trees was sprayed Tuesday, June 12,

when the fruit had set.

Notes on the setting of fruit were taken then and again

August 21:

Table VIII.—Fkuit-Setting of R. I. Geeexing Apple Teees Speayed at

DiFFEBENT TiMES.

Tree.
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been somewhat injured by canker. All bloomed very full during

the season of 1900 when the experiment was made. Three trees

were sprayed in each lot. (1) Sprayed Wednesday forenoon,

May 16, with Bordeaux mixture and Paris green when the bloom

had not yet fully opened. The spraying was rather light. (2)

The trees sprayed when in full bloom. At harvest time it was

found that the apples were fewer on the trees sprayed in bloom,

but that they were larger and finer. If any conclusion is to be

drawn from this experiment it seems to be that the spraying in

bloom was a thinning process. Mr. Freeman writes: "My con-

clusions drawn from experiments last season are that the yield of

both my Twenty Ounce and King sprayed in full bloom was very

much diminished
;
in fact, was nearly a failure. What few fruits

were left were fine. I had a full blossom."

THE RESULTS OF THE EXPERIMENTS OF 1800.

The experiments of 1900 neither prove nor disprove the value

of spraying fruit trees when they are in bloom. In a year when

sprayed and unsprayed trees alike give good crops, the results of

spraying experiments are likely to be unsatisfactory. The tests

must be extended over several years before it will be safe tO' draw

definite conclusions. So far as the experiments of the past sea-

son are concerned, however, two general statements may be

made:

1. In general, the trees sprayed when in full bloom bore no

better crops than those sprayed either before the blossoms opened

or after the fruit had set.

2. There was no apparent injury to the blossoms on trees

sprayed when in full bloom.

The only exceptions to the first statement were the Maiden

Blush and Twenty Ounce trees in the orchard of Harry Jackson

and the results in Mr. Bugbee's orchard. The fuller set of fruit

on the east sides of Mr. Jackson's trees than on the west sides

was a marked difference in favor of spraying in bloo'm. The com-

parative fruitfulness of many other Maiden Blush and Twenty'

24



S70 BEPoax OF the Horticultural Department op the)

Ounce trees in the orchard was observed, and no constant differ-

ence could be found. Some were mo're fruitful on the west side

and some on the east side. It may be said that the better i-esult

from (Spraying in bloom v/as due to the fact that those trees

sprayed after blooming were treated rather late; but this fault

applies to all the experiments, whatever the results.

The second result (no apparent injury to blossoms) of this

season's work seems to be without exception, unless in the case of

Mr. Freeman's test. Trees in full bloom which were covered with

Bordeaux till every flower was blue instead of white, set just as

good a crop as those not sprayed in bloom. Apple blossoms on

trees in Orleans County and pear blossoms on trees in the Cornell

OTchard were drenched with Bordeaux when fully open, and

tagged. An average percentage of fruit set in both cases. Yet,

despite these results, the spray may have killed many blossoms,

for not one blossom in twenty could have set fruit anyway.

Laboratory tests at Cornell showed that apple pollen would not

germinate (or grow) after it had been immersed in Bordeaux

mixture.

REMARKS ON THE ATTITUDE OF ORCHARDISTS IN THE REGION
UNDER DISCUSSION.

Various apple growers of Niagara and Orleans Counties, par-

ticularly of Gasport and vicinity, contend that it is allowable or

even necessary to spray when their trees are in full bloom, for

three reasons:

(1) Experience is said to show that spraying when in bloom

gives more and better fruit.

(2) Even as a matter of necessity and not of choice, some

spraying must be done at that time. With the extent of orchards,

it is sometimes impossible to complete the first spraying before

blossoming time, even though the work is begun when the buds

fir.st show pink.

(3) It is donbtful whether bees are killed by arsenical sprays

under normal orchard conditions.



New York Agricultural Experiment Station. 371

(4) Even if arsenical sprays at blooming; time do kill bees, the

value of the bee interests in the orchard counties is very small as

compared with the value of the fruit interests.

(5) It is not proven that bees are necessary for the fruitfulness

of apples, at least of the varieties which are most grown.

The first argument of the fruit-growers is yet to be proved, but

no one who has been in these great apple orchards during the

blooming seasion can fail to feel the weight of the second point.

A fruit-grower may set out to spray his twenty-aore apple

orchard when the blossoms show pinlc, as directed in the spray

calendars, but after a short ''

spell
"

of warm May weather he

finds his trees in full bloom and only half of the orchard sprayed.

Spring rains may prevent him from spraying till the blossomis

are just ready to burst; then come two or three days of sunny

weather, and his trees are in full bloom.

The third point—are bees killed by arsenical sprays at blos-

soming time under norm;'.l orchard conditions?—is also worthy

a moment's review. The fruit men are in such overwhelming

majority in the apple sections that the bee men are not often

heard. In order to approach this question from the bee-keeper's

point of view, three apiarists were visited and asked to give their

experience and opinions on this much discussed subject. A bee-

keeper of Orangeport has his hives under an apple tree which

he has sprayed with arsenites when in full bloom for three years.

He has not noticed more than the usual number of dead bees by

the hive at this season, and the colonies have apparently done

just as well as in previous years. A bee-keeper of Gasport has

had the same experience. Another at Medina, who has about

forty colonies, sprayed his trees with the Kedzie (arsenic)

mixture last year when they were in full bloom. There was no

more than the normal mortality among his bees that year. All

these men believe that few, if any, bees are killed, because poi-

soned blossoms are distasteful to them, or else they have instinct

enough to keep away. The feeling of these men on the subject

is said to be shared by other bee-keepers in Western New York;
but there are many who are equally certain that their colonies
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would be seriously reduced in numbers if spraying' at blossoming

time became a common practice. The subject is still in need of

careful investigation.

There have been few satisfactory experiments tO' determine

whether bees are likely to be killed if they visit a large orchard

which has been sprayed with areenites when in full bloom. In

some cases the experiment has consisted in covering the sprayed

tree with sheeting or netting and placing bees inside. After

awhile dead bees are found om a sheet which has been spread

beneath the trees. These dead bees are then washed with ammonia

water to remove any of the spraying material which might have

been brushed onto their bodies. If, after thisi washing, the

chemist finds arsenic in the bodies of thesie bees the conclusion

is reached that they died from arsenic poisoning. These

experiments merely show that if bees eat poison they will die;

they do not prove that if an orchard is sprayed with an arsenite

when in full bloom most of the bees visiting it will be killed.

Whether or not bees will avoid poisoned blo'ssoms if untainted

flowers are to be had is a question that fruit-growers are always

asking. In 1896, Professar F. M. Webster reported three obser-

vations on this point. (1) Six apple trees were sprayed in full

bloom with Paris green and water at the rate of four ounces to

forty gallons. Sheets were placed under the trees and on the

sheets were two hives of bees. Fifty-six dead bees were found

near the hive within a week. Analysis of some of these showed

traces of arsenic. (2) On the morning of a clear warm day, two

apple trees were sprayed with Paris green and water at the rate

of one ounce to twelve gallons. In the afternoon a number of

bees which visited the blossoms were caught and marked. None

of these marked bees were afterwards found dead near the hives.

The next day other bees were caught, dissected and analyzed.

Arsenic was found in the honey-sacs and the abdomens of some

of these bees. (3) A small apple orchard was sprayed when in

full bloom with Bordeaux, to which was added Paris green at

the mte of four ounces per fifty gallons. Three apparently

healthy colonies of bees were located on the premises. All the
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bees in one colony died a few days after the application, and

many in another. Arsenic was found in the bodies of the dead

bees and in their dead brood. Thus bees may take the poison

home and feed it to the young, killing the bro^od in the

hive. A recent instance of great destruction of bees from spray-

ing trees when in bloom is given by E. P. Felt, New York State

Entomologist, in Country Gentleman for June, 1900. In some

cases SO to 95 per ct. of the working bees were killed.
" The des-

truction was fearful, and there is every reason to think that it

was due to poison thrown upon trees in blossom."

The observations of many practical orchardists seem to throw

much doubt on the whole question of the relation of bees to pol-

lination and to spraying, and seem to demand that the subject be

opened for further inquiry. WTiile working in the orchards of

Orleans and Niagara counties every day for ten days during the

past blossoming season, not a single bee or other insect was

observed working on the blossoms. This was probably due to

the cold and windy weather which prevailed during most of the

blossoming season. Several fruit-growers in that section like-

wise reported the absence of all insect pollination in their or-

chards. Yet the set of fruit was the best since 1896. The wind is

probably a factor in the cross-pollination of apples. If the pollen

is moist or sticky, as in most varieties of pears, it is not readily

blown away by the wind; hence insects are more important in the

cross-pollination of this fruit. But the pollen of apple blossoms

is usually nearly, or quite, dry and is probably carried by wind.

But even if apple blossoms can be pollinated by wind, it may
vet be true that insects are more efficient agents. Again, the

varieties most commonly grown in Western New York, Baldwin

and Rhode Island Greening, do not usually need cross-pollination

in order to produce good crops. They are self-fertile. It was

shown in Cornell Bulletin 181, however, that cross-pollination

even of these varieties may be expected to give better fruit than

self-pollination.
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II. INVESTIGATIOXg OF 1900 BY THE NEW YORK AGRI-

CULTURAL EXPERIMENT STATION.

S. A. Beach. /

EFFECT OF SPRAY MIXTURES ON POLLEN AND ON BLOSSOMS.

The effect of spray mixture upon blossoms was studied in the

laboratory and also in the orchard. Open blossoms in the

orchard were sprayed and then tagged so that they might be

kept under observation and the final effect of the treatment be

known with certainty. In the laboratory pollen grains were put

into cultures which contained neither insecticide nor fungicide

and the germination and growth in these cultures were compared

with the germination and growth in corresponding cultures con-

taining either a fungicide or an insecticide or both.

Laboratory Study of the Effect of Spray Mixtures upon the
Germination of Pollen and the Growth of Pollen Tubes.

In the laboratory pollen cultures were made in distilled water;

in sugar solutions containing various percentages of cane sugar

in water; in weak sugar solution combined with various dilutions

of Bordeaux mixture made of commercial copper sulphate and

lime; with Bordeaux mixture made of chemically pure ingre-

dients; with Bordeaux mixture combined with some arsenical

compound as commonly used in spraying orchards; with arsenical

spray mixtures alone; and with lime alone.

Method of selecthig pollen for the cultures.—The blossoms which

were to furnish pollen for cultures were taken to the laboratory

before they opened so as to avoid the possibility of some other

kind of pollen being brought to the flower either by wind or

insect. The stem which supported the blossom cluster was put

into water so that the blossom buds might open. From blossoms

thus treated a single anther was selected to furnish pollen for all

of the cultures in a series. It is believed that by this method

pollen of as uniform vigor as it was possible to obtain was fur-

nished for all cultures which were to be compared in a single

eeriee.
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The cultures.—Hanging drop cultures were made in Van Tieg-

hem cells 10 to 12 mm. inside diameter and about 10 mm. high

sealed with a mixture of wax and vaseline. The pollen was

placed on a clean cover glass, a drop of the culture liquid was

applied and some of the same was put into the bottom of the

cell so that the liquid in the cell would be of the same composi-

tion ae that in the drop. The cover glass was then put into its

place and sealed.

POLLEN CULTURES IN MIXTURE A.

A spray mixture which for convenience of reference is here

called "A" was made from the ordinary commercial materials.

It consisted of Bordeaux mixture prepared as is usually done for

spraying orchards. This was made according to the 1-to-ll

formula.! An arsenical poison, the gieen arsenite of copper, was

then added at the rate of about 1 lb. to 150 gallons, the amount

commonly recommended for spraying orchards. Mr. W. H.

Andrews very kindly analyzed this green arsenite and found 57.5

per ct. arsenious oxide and 25.2 per ct. copper oxide. This shows

that as an insecticide it is equivalent to good Paris green.

An anther from a Ben Davis apple blossom was selected May
18 in the way already described. From the pollen which it fur-

nished a series of cultures was made as recorded below. This ifi

here called Series I.

Series I.

Ifniriber of pollen
Cnltnre grains in the
Mo. Medium. cultuie.

9 2 per ct. aqueous cane sugar solution, 99 parts; mix-

ture A, 1 part 250 to 300

10 2 per ct. aqueous cane sugar solution, 99^^ parts;

mixture A, % part 125 to 150

11 2 per ct. aqueous cane sugar solution, 89. 9S parts;

mixture A, .02 part 125 to 150

12 2 per ct. aqueous cane sugar solution, 99.99 parts;

mixture A, .01 part 100 to 125

As soon as these cultures were made, 5.45 p. m., they were

put into a room having a nearly constant temperature of about

*This formula requires 1 lb. of copper sulphate, and the necess.Try

amount of lime, in making 11 gallons of the mixture. It is equivalent to

10.9 grams of copper sulphate for 1 litre of the mixture.
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70° F. or slightly more. At 9.30 a. m. of the following day per-

haps half of the grains in No. 9 had germinated but they showed

decidedly the retarding effect of the poisons. In No. 10 the ger-

mination and growth were no better than in No. 9, really not

quite so good. In No. 11 the grains germinated freely; nearly
or quite all of them had germinated andlhe tubes had made free

growth. In No. 12 germination and growth had progressed as

freely as in No. 11.

At 5.20 p. m. of the same day, about 24 honrs alter the cul-

tures had been started, these notes were made.

No. 9. Pollen tubes vary from 1.96/^. to 18.48' long; average

length perhaps 10/^. Many tubes which were apparently in per-

fect condition this morning have now broken down and

become disintegrated. Many of the pollen grains have not yet

germinated.

No. 10. Pollen tubes vary from 1.68,a to 14,^. long. They

average perhaps 7m. Some of the pollen tubes have become dis-

integrated like those noted in No. 9.

No. 11. The pollen tubes have made good growth. They

vary in length from 10.67/^ to 87.36At and average perhaps from

60,v- to 75 '. Occasionally tubes are seen which are abnormally

swollen and give some appearance of breaking down.

No. 12. The pollen tnbes have made good growth. The tubes

vary in length from 8.4a to 75.6/a or more. No disintegration of

pollen tubes was noticed.

At 5 p. m.. May 22, four days after these cultures were made,

the following notes were taken and the cultures were then

discarded.

No. 9. It is estimated that from 30 per ct. to 50 per ct. of the

pollen grains in this culture have germinated. One of the

longest tubes measured 51.96/^, but such length was quite excep-

tional. Most of the tubes were less than one-half or even one-

third of that length; many were no longer than from 5// to 10,a

The tubes are apt to be abnormally curved or twisted and the

growth is not vigorous. Indeed there is an appearance of dis-

integration of some of tlie tubes.
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No. 10. It is estimated that no more than 25 per ct. have

germinated. The growth is correspondingly less than in No. 9,

One of the longest tubes measured 27//. The tubes probably do

not average half that length. Oftentimes they are abnormally

bent and in many eases disintegration is seen.

No. 11. This culture shows a network of long tubes. One

which was measured was 98.4//. long, but it cannot be said that

this is one of the longest of them. Only in a few cases can tubes

be traced through their entire length because they are so much

tangled, and a close estimate of their average length cannot be

made. It may be said, however, that they have made abundant

grow'th.

No. 12. Pollen tubes are tangled so much that only in few

instances can they be traced throughout their entire length.

One measured 52.56/./., but others were certainly longer. The

average length is estimated as.considerably less than in No. 11.

Only occasional indications of disintegration were seen.

POLLEN CULTURES IN MIXT RE B.

The spray mixture which is here designated
'' mixture B " was

simply a Bordeaux mixture made as for " mixture A," but it

did not have any arsenical poison added to it. A single anther

from a Ben Davis apple blossom was selected Llay 17 in the w^ay

previously described, p. 374, to furnish pollen for a series of

tests in which the growth of pollen in solution of sugar in water

might be compared witl. its growth in a similar suf-^r solution

combined with various proportions of the Bordeaux mixture B.

The following cultures were made at 5 p. m., May 17. They

were put into a room in which by means of an automatic appara-

tus the temperature was kept nearly constant at about 70° F.

to 72° F.
Series II.

Number of pollen
Cnlture grains in the
Ko. Medium. culture.

4 2 per ct. aqueous solution cane sng-ar Several huudrod
5 5 per ct. aqueous solution cane sugar Not recorded
6 10 per ct. aqueous solution cane sugar About 250
7 5 per ct. aqueous solution cane sugar, 95 parts;

Bordeaux mixture B, 5 parts About 300
8 2 per ct. aqueous solution cane sugar, 98 parts;

Bordeaux mixture B, 2 parts Several hundred
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May 18, at 10.30 a. in., the following notes were made on these

cultures.

No. 4. Nearly every grain has germinated and sent out a

vigorous pollen tube. The tubes vary in length from about 15

to 130,ti or more. The growth is so much tangled that it is

impossible to measure each tube. The average length may be

estimated at about 80/^.

No. 5. The percentage of germination is almost as high as in

No. 4. The tubes vary in length from 9.5,a to 175 // or more.

The growth is matted as noted under No. 4 so that it is impos-

sible to get the exact measurement of each tube.

No. 6. It appears that 50 per ct. of the pollen grains have

germinated, but the average length of the tubes is much shorter

than either those of No. 4 or No. 5. The tubes vary from about

7a to about 86/^ or possibly more.

No. 7. None has germinated.

No. 8. None has germinated.

At G p. m. the same date neither 7 nor 8 had yet shown any

germination. The condition of Nos. 4, 5 and 6 was relatively

about the same as when the last observation was made. This

series of cultures was discarded at 4:40 p. m., May 22. At that

time 50 per ct. of the pollen grains had germinated in No. 6, the

10 per ct. sugar solution. In No. 7, which contained 5 per ct.

Bordeaux mixture B and 5 per ct. sugar solution no germination

was found. But in No. 8, which contained 2 per ct. Bordeaux

mixture B and 2 per ct. sugar solution a single pollen tube was

found. This was 3.36/^ long. One other pollen grain had the

appearance of having sent out a tube of about the same length

which had disintegrated before it was observed. The other

cultures, 4 and 5, so far as could be determined retained about

the same relative rank as to growth as was noted before, but

the growth was too abundant and the tubes too much matted

together to make definite conclusion on this point. It was

noticed, however, that some pollen grains in 5 had not yet ger-

minated.
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pollen cultures in mixture o.

The mixture which for convenience of reference is here called

C consisted of a Bordeaux mixture made wholly of chemically

pure ingredients combined with a solution of cane sugar in

water-v The formula used was 1 gram of copper sulphate and |

gram of lime to make 100 cc. Bordeaux mixture.^ After the cop-

per sulphate solution and lime had been combined and diluted

to 96 cc. with distilled water 4 cc. of 50 per ct. aqueous cane

sugar solution were added to bring the whole mixture up to

100 cc. Work with mixture C did not begin until after apples

were out of bloom and so the results given with it were obtained

with other kinds of pollen than that used for the cultures in

mixtures A and B.

Van Tieghem cell cultures which were made in the way

previously described, p. 375, were prepared June 28. In each

one was put some blackberry pollen from the same anther. The

following statement shows the medium used for each culture.

Seeies III.
Cxiltnre Nnmber of pollen
No. Medium. grains in cnltnre.

15 Mixture C, 100 parts 128
16 Mixture C, 2 parts; 2 per ct. aqueous solution of

cane sugar, 98 parts 115
17 Mixture G, 1 part; 2 per ct. aqueous solution of

cane sugar, 99 parts 108
18 Mixture C, ^^^ part; 2 per ct. aqueous solution of

cane sugar, 99^4 parts 64
19 Mixture 0, 5!! part; 2 per ct. aqueous solution of

cane sugar, 99 i?, parts 43
20 Copper arsenite and lime, 1 gram to 1^ liters; in

2 per ct. aqueous solution' of cane sugar About 12
21 Lime, 1 gram to 1.25 liters of a 2 per ct. aqueous

solution' of cane sugar 69
22 Cane sugar, 2 per ct. aqueous solution 107

^This is the same as 10 grams copper sulphate to make 1 liter of Bor-

deaux mixture which formula is nearly equivalent to the 1-to-ll formula.

See p. 375.

'This Is at the rate of about 1 lb. to 150 gallons.

'The copper arsenite, CuHAsOs, was used at the rate of 1 gram to 1.25

liters. This is approximately the strength at which either this or Paris

green is used in orchard spraying; i. e., about 1 lb. to 150 gallons. Lime
was added at the same rate as the copper arsenite: 1. e., 1 gram to 1.25

liters, and cane sugar solution at a rate to make the whole a 2 rer ct.

solution of cane sugar.
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When preparation of these cultures was finished, at 5 p. m.,

June 28, they were put into moist chambers and kept in a room

haying nearly constant temperature of about 70° to 72° F.

When they were examined at 8.40 a. m., June 29, no pollen had

germinated in any of them except in No. 22 which contained

2 per ct. sugar solution in water only. ^
In this culture out of

107 pollen grains 9, or about 8 per ct., had germinated.

The cultures were kept four days, till July 2, and then dis-

carded. During this time they were kept in the room above*

mentioned except that on one day, June 29, they were for about

ten hours in a room where the temperature ranged from 80° F.

to 82° F. On July 2 the following notes were made;

Xo. 15 shows no germination.

No. 16 ditto.

No. 17 ditto.

Kg. 18. ditto.

Ko. 19. Twelve pollen grains, or 28 per ct., show evidence of

germination. In these cases the germ tube has only attained

a length of from one-half to two-thirds the diameter of the pol-

len grain and then disintegration has followed.

No. 20 shows no germination.

No. 21 destroyed by accident.

No. 22 shows 52 germinations or 49 per ct.

About 11.30 a. m., June 19, the following cultures were made

with rose pollen.

Seeiks IV.
Cnlttire NnTuber o( pollen
Xo. Medium, grains iu cnlluie,

30 ^Mixture C, 1 part; aqueous solution of cane sugar,

99 parts About 150

31 Cane sugar, 2 parts; water, 98 parts About 150

These cultures were kept in moist chambers iu the laboratory

till 5.30 p. m., or 6 hours. There were then no germinations in

No. 30, but 36 pollen grains out of about 150 in culture No. 31

had already germinated. The cultures were then kept in the
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room having a temperature of 70^ F. On July 2, after being

kept three days many more germinations were found in No. 21

but none in No. 30.

Cultures of pollen of the Virginia Creeper, Ampelopsis quin-

quefolia, all from the same anther, were made at 11:30 a, m.,

July 25, 1900, as listed below.

Series V.
NnmLer Per ct.

of pollen Nnniljer ofger-
Culture grains in gertni- niina-

>.o. Mediuin. culture. nated. tion.

o'j 2 per ct aqneous cane sugar solution,

2 parts; water, 98 parts 88 66 75

30 Lime, 1 gram to 125 cc. of a 2 per ct.

aqueous solution of cane sugar 144

ST Copper arsenite and lime^ and a 2 per
ct. aqueous solution cane sugar 2.30

38 Mixture C, bV part; aqueous solution of

cane sugar 99JS parts 203 136 67

39 Mixture C, I/2 part; aqueous solution of

cane sugar, 99',^ parts 118 5 4

40 Mixture C, 1 part; aqueous solution of

cane sugar, 1 part 187

41 Mixture C, 2 parts; aqueous solution of

cane sugar, 98 parts 122

After six hours it was found that many pollen grains had ger-

minated in Nos. 35 and 38. Five had also germinated in No. 39.

There were no germinations in any of the other cultures. At

8:30 a. m., July 26, after the cultures had been made 21 hours

it was found that there were 66 germinations in No. 35, or 75

per ct; in No. 38 there were 130 or 67 per ct.; and in No. 39 there

were 5, or 4 per ct. In none of the other cultures was any ger-

mination found. After being kept 24 hours longer no further

germination was found and these cultures were discarded.

Cultures of the pollen of Japan ivy, or Boston ivy, Ampelopsis

tricuspidata, were made at 11:30 a. m., July 30, using the same

media as in Nos. 37 to 41, and also one culture was made in a

2 per ct. sugar solution in water alone.

^Prepared as for culture No. 20, seo p. 379.
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Series YI.
Number Pnr ct,
of pollen Kumber ofger-

Cnltnxe
, grains in ol germi- miua-

^o. Medium. cnlttire. nations. tion.

56 2 per ct. aqueous solution cane sugar. . 119 90 76
57 Copper arsenite and lime' and a 2 per

ct. aqueous solution cane sugar 161

58 Mixture C, k'o part; 2 per ct. aqueous
solution cane sugar Q9V, parts

'

15 14 93

59 Mixture C, 1 part; 2 per ct. aqueous
solution cane sugar 99 parts'

61 Mixture C, 2 parts; 2 per ct. aqueous
solution cane sugar 9S parts about 300

The cultures were kept in a moist chamber in a room at about

81° F. till 2:45 p. m., of July 30, or about 3i hours. It was then

found that 76 per ct. in the culture No. 56 had germinated and

93 per ct. in No. 58. No germination was found in any of the

other cultures.

Twenty-one hours after the cultures were made they were dis-

carded because no further germination took place.

SUMMARY OF RESULTS WITH POLLEN CULTURES.

In the cultures with apple pollen in cane sugar solutions in

water alone (see Series II) the pollen tubes seemed to do better

in a 2 per ct. solution than in either a 5 per ct, or a 10 per ct.

solution. They also grew better in the 2 per ct. sugar solution

in water than in pure water. For these reasons the media for

the cultures in Series I, III, IV, V and VI were made to con-

tain a 2 per ct. aqueous solution of cane eugar.

Series I.—Culture media contained cane sugar solution in water,

Bordeaux mixture and green arsenite of copper.
—In this series

pollen from Ben Davis apple was used. Only from one-third to

one-half of the pollen grains germinated in the 1 per ct. mixture

A, culture 9, which contained but 100 parts in 10,000 of au

ordinary mixture used in spraying orchards, the remaining 9,900

parts being a weak solution of cane sugar in water. The tubes

from the pollen which did germinate grew slowly and were

dwarfed and abnormal in shape.

1 Prepared as for cultures No. 20, see p. 379.

2Destroyed by accident before Inst examination was mnde.
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In culture 10 which contained but 50 parts of the spray mixture

in 10,000, no more than one-quarter of the pollen germinated, and

that made even less vigorous gi'owth than was made in culture

9.

In cult are 11 which contained but 2 parts of the spray mixture

in 10,000, and in culture 12 which contained but 1 part in 10,000,

the germination of the pollen and growth of pollen tubes

progi'essed fi'eely.

Series II.—Culture media oontained oane sugar solution in water

and Bordeaux mixture.—In the 2 per ct. aqueous solution of cane

sugar alone the pollen from Ben Davis apple germinated freely

and the growth was vigorous and abundant. When 200 parts

in 10,000 of ordinary Bordeaux mixture were combined with this

sugar solution, culture 8, germination was almost wholly stopped.

But two pollen tubes started to grow and one of these soon

became disintegrated. When 500 parts Bordeaux mixture in

10,000 were used with a stronger (5 per ct.) sugar solution in

water no germination took place.

Series III.—Culture media contained cane sugar solution in water

combined -with Bordeaux mixtw^ made from cJiemically pure

ingredients; also icith lime alone and with lime and green arsenile

of copper.
—In this series blackberiy pollen Vvas used. Even in

the dilute sugar solution alone hardly half of the pollen grew.

Bordeaux mixture of the strength commonly used in spraying

orchaMs, mixture C, was used at full strength and also was

diluted with the weak sugar solution till it formed in the different

cultures respectfully 200 parts, 100 parts, 50 parts and 2 parts

in 10,000. In none of these media except the last named did

germination take place, in which case 28 per ct. of the pollen

grains in the culture started to germinate but before further

growth took place disintegration followed. It appears that the

blackberry pollen is even more sensitive to the poisons commonly
used in making spray mixtures than is apple pollen. The copper

arsenite and lime when not combined with Bordeaux mixture

prevented germination of the pollen. Even the lime alone seemed
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to have tne eame effect, but only one incomplete test was made

witli this material in this series.

See also Series V.

Seines IV.—BordemiT mixture made as in Series ITT compared

with an aqueous solution of sugar cane alone.—Bordeaux mixture

made as for Series III and diluted to 100 parts in 10,000 of the

2 per ct, aqueous sugar solution wholly prevented the germina-

tion of rose pollen in culture 30 while in the corresponding

culture containing the sugar solution alone there were many

germinations.

Series V.—Culture media as in Series TIT.—The media used in

Series III when tested on pollen of Virginia creeper, Ampelopsis

qtiinquefolia, showed a like effect in kind only to a slightly less

degree than with the blackberry pollen. In the cane sugar solu-

tion in water alone 75 per ct. of the pollen germinated; in the

aqueous solution of cane sugar with 2 parts in 10,000 of the

Bordeaux mixture C added, 67 per ct. germinated; with 50 parts

in 10,000 added, 4 per ct. germinated; with 100 parts and with

200 parts in 10,000 added there was no germination. The copper

arsenite and lime in culture 37 prevented germination as did also

lime alone in culture 36,

Series VI.—'Culture media of this Series duplicate those used in

Series ITT except culture 21.—Pollen of Japan ivy Ampelopsis

tricuspidata, tested in the media used in Series III and V showed

76 per ct. germination in the cane sugar solution alone; 93 per ct.^

in the medium containing two parts of Bordeaux mixture O in

10,000; no germination took place in the media containing respec-

tively 50 parts, 100 parts and 200 parts of the Bordeaux mixture

C in 10,000. In the medium cointaining copper arsenite and lime

there was no germination.

From these investigations it appears that if before pollination

occurs the stigmatic surface of the pistil should be covered either

^This culture contained but 15 pollen grains while the cane sugar solu-

tion just mentioned contained 119 pollen grains. Judging from general

experience with these cultures it seems quite probable that had the former

culture contained an equal number of pollen grains the percentage of

germination would have been no higher than it was in the latter culture.
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with Bordeaux mixture alone or with arsenical poison alone of the

strength commonly used in spraying orchards there would be no

germination of any pollen which might afterwards reach the

stigmatic surface and so fertilization would be prevented and no

fruit would be formed. Even the presence of lime alone, of the

strength commonly used in spray mixtures, prevented the germi-

nation of po'llen. Bordeaux mixture was diluted in aqueous

«ugar solution to 500 parts, 200 parts, 100 parts, 50 parts, 2 parts

and 1 part in 10,000 of culture media into which various kinds

of pollen were introduced. Even when diluted to 50 parts in

10,000 it prevented germination to large extent and where germi-

nation did occur the growth which followed was decidedly slow

and the pollen tubes were dwarfed. When diluted to 100 parts,

200 parts or 500 parts either no germination or practically none

was found.

Effect of Spray Mixtures on Apple Blossoms.

In order to test the practical effect of the spray upon op«n

apple blossoms the following tests were made.

Individual Uosso^is known to have been hit hy sprat/ mixtures.—
Blossoms of Hurlbut and Jefferies were sprayed soon after they

opened. On the other hand Baldwin and K. I. Greening were

sprayed several days after the trees commenced to bloom. It is

instructive to note the different results obtained. On a Hurlbut

tree which was chosen for one of the tests the blossoms com-

menced to open May 13. Open blossoms on one side of the tree

were sprayed the next day with Bordeaux mixture, 1-to-ll form-

ula, combined with green arsenite of copper, 1 lb. to 150 gallons.

At that time one could rarely find an anther which had begun
to discharge its pollen ^. Some of the sprayed blossoms were

examined and those which plainly showed the spray mixture in

the center were tagged. In ease the spray could be clearly seen

on the stigmatic surface the tag was given a special mark to dis-

'The structure of the apple blossom is explained and its parts are
Darned on p. 395.

25
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tinguish it. On another part of the tree some open blossoms

which had not been sprayed were tagged for comparison with the

sprayed blossoms.

A Jefferies apple tree which showed its first bloom May 13,

also had a part of its blossoms sprayed May 14. They were

marked after the same plan which was- followed with the Hurl-

but and unsprayed blossoms were likewise tagged for comparison.

Later observations showed that out of 42 sprayed Hurlbut

blossoms which were known to have been hit by the spray 36, or

86 per ct., failed to set fruit, while out of 31 corresponding

blossoms which were not sprayed only 5, or but 16 per ct. failed to

set fruit. Out of 11 Jefferies blossoms known to have been hit

by the spray 8, or 73 per ct. set no fruit while out of 10 corre-

sponding unsprayed blossoms only 3, or 30 per ct., failed to set

fruit. None of the blossoms which were seen with spray mix-

ture on the stigmatic surface of the pistils set fruit on either

tree.

The Baldwin and R. I. Greening trees which were used in this

test were sprayed a week later, on May 21, using the same kind

of spray mixture as before. It was difficult at this time to find

branches of the tree which were, proi)erly speaking, in full bloom

because in so many cases the center flower of the cluster had

already gone out of bloom. The center blossom of the cluster

opens first and naturally may be expected to drop its petals before

the other flowers of the cluster do. Some branches were finally

found on the northeast side of the tree on which most of the

clusters were s±ill, strictly speaking, in full bloom, although, in

the blossoms on two of the trees as the sequel shows, the pollen

tubes had doubtless in the majority of cases already entered the

style and passed beyond the reach of the poisonous influence of

the spray mixture. After they had been sprayed ®ome of the

blossoms were examined and tagged in the way already described

for the Hurlbut blossoms. Corresponding unsprayed blossoms

were likewise labeled. Later observations showed that none of

of the blossoms which had the stigmatic surfaces plainly covered

by the spray mixture set fruit. Out of 45 R. I. Greening blossoms
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on one tree which were known to have been hit by the spray

39, or 87 per ct., set no fruit. Out of 49 corresponding blossoms

which were not sprayed 26, or 53 per ct., did not set fruit. In

this case probably the blossoms had not been open so long as in

the following two cases.

On another R. I. Greening tree 48 blossoms were marked as

hit by the spray of which but 3, or 6 per ct., failed to set fruit

while 25 out of 50 blossoms which were not sprayed, or 50 per

ct., did not set fruit.

On a Baldwin tree 50 blossoms were marked as hit by the

spray, of which 31, or 62 per ct,, failed to set fruit while 32 out

of 47 unsprayed blossoms, or 68 per ct., set no fruit.

In the tests with the Hurlbut and Jefferies and in one test

with R. I. Greening the sprayed blossoms were nearly always

ruined by the treatment. In one test with R. I. Greening and

in the test with Baldwin the treatment reduced the percentage

of fruit which set but little if any below the percentage which

set on unsprayed portions of the tree. These experiments sug-

gest the idea that if the apple trees are not sprayed until after

the most of the blossoms have been open for several days the

treatment will not interfere to any considerable extent with the

setting of the fruit, but further experiments are required to

demonstrate whether or not this idea is correct.

The processes of the opening of the blossoms and of the anth-

ers, the germination of pollen and the growth of pollen tubes

are hastened by the higher and retarded by the lower tempera-

tures. It cannot be stated definitely how long a time is required

after the blossom opens for the pollen to reach the stigma, to

germinate and to send the pollen tube into the style far enough
for it to be beyond the reach of the toxic effect of spray mix-

tures applied to the open blossoms. It is desirable that this

subject be thoroughly investigated in order that the fruit grow-

ers may understand when the blossoms have developed enough

to be out of danger of being ruined by spray mixtures.

Apple trees sprayed repeatedly icMle in bloom.—Some tests were

made in the orchards at the Experiment Station in which apple
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trees were sprayed repeatedly while tliey were in bloom for the

purpose of hitting so far as possible the blossoms as they opened

from day to day. The treatments began with the first blossoms

which opened and continued till the last ones appeared. The

"^pray mixture used was Bordeaux mixture, 1-to-ll formula, com-

l)ined with green arsenite of copper, 1 pound to 150 gallons.

A Mcintosh apple tree which had been topworked to this

variety 13 years ago, was selected for one of the tests. It was

not so high as to prevent the thorough spraying of all parts.

It had an abundance of blossom buds which w^ere quite evenly

distributed over the tree. Two limbs on the east side were

.sprayed and the rest of the tree was left unsprayed. The num-

ber of treatments is stated below.

McIntosh Sprayed Repeatedly While in Bloom.

wP^ll^L Condition of Bloom.

May 15. . First blossoms are now open.

Mav 16 S
^^^^^ than 75 per ct. of the clusters have all of the buds

( now open.

May 17. . From 75 per ct. to 90 per ct. of all blossoms are now open.

Mav 19 ^
Petals of first blossoms are failing. AH' other blossoms are

} practically now in full bloom.

r A few clusters have one or two blossoms with petals still

May 21. .
<(
attached to them. Probably 95 per ct of all of the blossoms

l have passed out of bloom.

May 22. . Tree almost entirely out of bloom.

May 23. . Tree entirely out of bloom. Spraying now discontinued.

Ten days after this tree went out of bloom, before the first

-dropping of young fruits had begun to any appreciable extent,

small branches which appeared to represent fairly the condition

of the sprayed side of the tree were compared with correspond-

dng branches from the unsprayed side of the tree. Every cluster

was examined to see whether any fruit had set. The following

table shows the number of clusters which set fruit, and the

whole number of fruits which set on typical branches sprayed

repeatedly in bloom compared' with the numbers on typical

branches which were not sprayed in bloom.
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Table IX.—Fktjix-Setting on Typical Beanches of McIntosh.

Sprayed jj ^ sprayed
repeatedly in

j^ tloom.
bloom.

No Per ct. No. Per ct..

Whole number of clusters examined 132 143

Clusters which set no fruit 108 82 2 1

Clusters which set 1 fruit 18 14 37 2G

Clusters which set 2 fruits 6 4 47 3a

Clusters which set 3 fruits 44 31

Clusters which set 4 fruits 11 8

Clusters which set 5 fruits 2 1

Average number of fruits per 100 clusters on June 2. . 23 221

It was intended that the yield of ripe fruit from branches

sprayed in bloom should be compared with that from the cor-

responding branches which were not so treated. Towards the

close of the season there was but very little fruit on the

branches which were sprayed in bloom while on the other

branches there remained a fairly good crop of fruit. The severe

wind storm of September 11 and 12 blew off nearly all of the

fruit and the windfalls of one side of the tree could not be

separated from those of the other side so that the final record

of the yield could not be taken.

An apple tree of Keinette de Caux which had been top-

worked to this variety eighteen years ago was treated accord-

ing to the plan stated above. Its height was about the same

as that of the Mcintosh tree. Its blossom buds were extremely

abundant and uniformly distributed. One-half of the tree was

sprayed in bloom on the dates given below. The opposite side

was left unsprayed during the blooming season.

Reinette de Caux Sprated Repeatedly While in Bloom.

Date of
Treatment. Condition of Bloom.

May 15.... First blossoms opening.

( Some clusters have from one-third to one-half of their

May 16....
<( blossoms open. About 40 per ct. of all blossoms are
I now^ onpD.

May 17 \

Probably from 60 per ct. to 75 per ct. of blossoms are

( now open.

c Tree is practically in full bloom. The petals of the firs4
May 19

^blossoms to open are not yet falling.



o90 Report of the Horticultural Department of thb

Date of
Treatment. Condition of Bloom.

Mav 21 S
P^^^l^'y one-third of the blossoms have already dropped

' " *

I their petals.

May 22, . . . Petals rapidly falling.

May 23 Ditto.

( Probably 95 per ct. of the blossoms have dropped their
^^y 2^-

•••! petals.

f Tree is practically out of bloom. Perhaps a dozen blos-
• • • •

I gQujg a^j-g g^jii lu bloom.

f An occasional blossom may still be seen. No spraying of
^^ • • • •

I
^j^.g ^j.gg jjj^ bloom was made after this date.

On June 2 typical branches were selected and a record was

made of the number of fruits which were found in the same

way as was done with the Mcintosh tree. The results are sum-

marized in the following statement of the number of fruits

which set on typical branches sprayed repeatedly in bloom com-

pared with the number which set on typical branches which

were not sprayed in bloom.

Table X.—Fkuit-Setting on Typical Branches of Reinette de Catjx.

No. Per ct. No. Per ct.

Whole number of clusters examined 217 1G9

Clusters which set no fruit 207 95 9 5

Clusters which set 1 fruit 8 4 24 14

Clusters which set 2 fruits 2 1 61 37

Clusters which set 3 fruits 53 31

Clusters which set 4 fruits 18 11

Clusters which set 5 fruits 4 2

Average number of fruits per 100 clusters on

June 2 6 . 235

The record of the yield of ripe fruit for the treated and

untreated sides of this tree cannot be given because the wind-

storm of September 11 and 12 mingled the wind falls from the

different branches so that no accurate separate records could

be made. All through the season this tree furnished a most

striking object lesson of the effect which spraying in bloom may
have upon the yield of fruit. The half of the tree which

was sprayed repeatedly during the blooming season ripened prob-
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ably less than a peck of fruit. The opposite side which was not

sprayed in bloom bore a very heavy crop; so heavy, in fact, that

the windstorm referred to broke down the limbs on that side

and ruined the tree.

A Fall Pippin apple tree was selected for a similar test and a

corresponding tree of the same kind which appeared to have

about the same amount of blossom buds, was chosen for com-

parison. These trees were 5'0 years old. The top branches could

not be rear
^

with the sipray well enough to insure thorough

application to the blossom clusters, accordingly only the lower

parts of the tree which could be readily reached with the

extension rods used in applying the spray, were included in the

test. The dates on which the treatments were made appear in

the following statement.

Faxl Pippin Sprayed Repeatedly While in Bloom.

Date of
treatment.

May 16...

May 17...

May 19...

May 21...

May 22...

Mav 23...

May 24. . .

May 25. ..

May 26...

May 27...

Cordition of bloom.

About 12 per ct. of the blossom buds are now open. None
but the center blossoms have yet opened.
None but center blossoms have yet opened and not all of

these an> open.
Rain yesterday prevented spraying. Perhaps 20 per ct. to

25 per ct. of all blossom buds are now open.

Probably 75 per et. of blossom buds have opened. But
few clusters have all blossoms open.

The petals have fallen from about one-half of the blos-

soms.

The petals have fallen from about three-fourths of the

blossoms.

The petals have fallen from perhaps 90 per ct. to 95 per
ct. of the blossoms. No further spraying in bloom was done
to this tree.

On June 4, typical branches from this tree and from the corre-

sponding tree which was not sprayed in bloom were compared,
and the following records of the fruits which were found were

taken in the way described above for Mcintosh. Plate LVI,

Fig. 1, shows a cluster of Fall Pippin sprayed in bloom while a

corresponding cluster from the Fall Pippin which was not
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sprayed in bloom is shown in Fig. 2. The following table shows

the number of fruits which set on typical branches sprayed

repeatedly in bloom compared with typical branches not sprayed

in bloom.

Table XI.—Fbuit-Setting on Typical Branches' of Fall Pfpfin.

Sprayed repeatedly Not sprayed in
iQ bloom. bloom.

Ho Per ct. Ko. Per ct.

Whole number of clusters examined. ... 235 21S

Clusters which set no fruit 222 94 12 6

Clusters which set 1 fruit 9 4 68 31

Clusters which set 2 fruits 79 36

Clusters which set 3 fruits 3 1^^ 41 19

Clusters which set 4 fruits 1 % 17 7y2

Clusters which set 5 fruits 1 ^
Average number of fruits per 100 clus-

ters on June 4 9 • 180

Apple trees sprayed but once while in hloom.—In the tests which

have just been considered an effort was made to hit with the

spray each blossom soon after it opened. For this reason the

treatments were given at intervals of from one to two days dur-

ing the entire blooming season. Tests were also made in four

other a'pple orchards in which the treated trees were sprayed

but once while in bloom. General observation in these orchards

confirmed the conclusion that spraying the open blossoms often

prevents their further development. Particular observations

were made on two varieties which had been sprayed once in

bloom. These were Pumpkin Sweet, commonly called Pound

Sweet, and Baldwin located in the orchard of J. B. Collamer «&

Son, Hilton, N. Y. These observations were taken in the way

already described for Mcintosh, p. 388. It is interesting to com-

pare the results, as given below, with those o'btained with trees

which were sprayed repeatedly during the blooming season.

Observations made June 5 on branches of a Baldwin tree

which was sprayed in full bloom on May 23, and of a corre-

sponding Baldwin tree which was not given this treatment show

results for typical branches given in the table below.



Plate LVI.—Flower Clusters from Fall Pippin Apple Tree: 1, Sprayed
IN Bloom—ALL Blossoms Dead; 2, Not Sprayed in Bloom—at Least Four
Fruits Set. (Clusters Photographed on Same Day.)





Plate LiVH.—Flower Clusters from Baldwin Apple Tree: 1, Sprayed Once
IN Bloom—all Blossoms Dead, with Possibly One Exception; 2, Not
Sprayed in Bloom—at Least Two Vigorous Fruits Set.

(Clusters Photographed on Same Day.)





Plate LVIII.—Flower Clusters from Twenty Ounce Apple Tree: l, Sprayed
Once in Bloom—Center Blossom Dead, but Later Side Blossoms have Set
Some Fruit; 2, Another Tree Sprayed in Bloom—all Blossoms Dead.

(Clusters Photographed on Same Day.)
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Table XII.—Fkuit-Settinq on Ttpical Beanches of Baldwin.

Sprayed once in Not sprayed In

bloom. bloom.

, > /
•

.

No. Perct. No. Perot.

Whole number of clusters examined..., 81 49

Clusters which set no fruit 34 42 5 10

Clusters which set 1 fruit 37 46 !"» 31

Clusters which set 2 fruits 8 10 17 35

Clusters which set 3 fruits 2 2 11 22

Clusters which set 4 fruits 12
Average number of fruits per 100 clus-

ters on June 5 73 176

This statement shows clearly that even spraying once in bloom

may lessen very much the proportion of fruit which sets. Fig. 1,

Plate LVII, shows a cluster from the Baldwin tree which was

sprayed in bloom, as it appeared June 5. This illustrates the

kind of injury which may follow the spraying of trees when in

bloom. None of these blossoms have set fruit except possibly

one of the latest on the outside of the cluster which seems to

have swollen somewhat and might have developed into fruit.

Fig. 3, Plate LVII, shows a cluster which was taken on the same

day from the corresponding tree not sprayed in bloom. This

shows how abundantly the fruit set on these Baldwin trees where

the blossoms were not hit by the spray.

Plate LVIII, Fig. 1, shows a cluster from a Twenty Ounce tree

sprayed once in bloom. The treatment killed the central blos-

som but the later outside blossoms set some fruit. Fig. 2 shows

another cluster of the same variety in which none of the blos-

soms survived the treatment. The table shows the number of

fruits which set on typical branches sprayed but once in bloom

compared with the number which set on typical branches not

sprayed in bloom.

Table XIII.—Fruit-Setting on Typical Branches of Pumpkin Sweet.

Sprayed once in Not sprayed in
bloom. bloom.

' s / —*— . ^.>
No. Per ct. No. Per ct.

Whole number of clusters examined.... 95 100

Clusters which set no fruit 82 86 74 74

Clu.sters which set 1 fruit 13 14 20 20

Clusters which set 2 fruits 5 5

Clusters which set 3 fruits 1 1

Average number of fruits per 100 clus-

ters on June 5 14 33
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There was very little fruit produced on any of the Pumpkin
Sweet trees whether they were sprayed in bloom or not. The

Baldwins produced considerable fruit, but not a good crop.

SUMMARY OF RESULTS OF THE TESTS OF THE DFFE€T OF SPRAY
MIXTURES ON APPLE BLOSSOMS.

In the orchards where trees were sprayed in bloom general

observation at the blooming season and at various later periods

till the fruits were as large as cherries, and a comparison of trees

so treated with corresponding trees which were not sprayed in

bloom, forced the conclusion that much fruit was destroyed by

the treatment. That the yield of the treated trees was not more

seriously diminished may be accounted for by the very great

abundance of the blossoms and by the fact that at no one time

were all of them open and in that stage when they are most

susceptible to injury. Under such conditions one treatment

during the blooming season, if properly made, could not be

expected to cause the loss of a large percentage of the crop of

ripe fruit.

In the tests where the trees were sprayed repeatedly during

the blooming season so as to hit as many as possible of the new

blossom-s which opened from day to day, but very few blossoms

survived the treatment and consequently but little fruit set.

This shows that the ordinary spray mixtures surely prevent the

setting of fruit when applied to the blossoms soon after they open.

If the tree should have a scant amount of blossoms it would seem

that serious loss might result from such treatment.

In some cases the spray mixture had a corrosive effect and

killed the tissues of the stamens and pistils. In other cases pis-

tils with particles of the spray mixture on the stigmatic surfaces

awaited fertilization for several days, apparently unharmed and

perfectly healthy, but eventually withered and died. A number

of blossoms were observed which showed particles of spray mix-

ture on the stigmatic surfaces, but none of these set fruit. It

appears therefore that in these cases the spray mixture inhibited
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the process of fertilization and thus eventually caused the death

of the entire blossom.

Blossome which had been open several days before they were

sprayed seem to have reached a stage where the treatment die!

not check the progress of fertilization, and the fruit set as

abundantly as it did from corresponding blossoms which were

not sprayed.

The Structure of an Apple Blossom and the Process of

Setting Fruit.

The following brief description of the structure of the apple

blossom and of the way in which it sets fruit may help some

readers to a clearer understanding of the subject.

When the fruit bud of the apple tree opens it releases a cluster

of blossom buds. Such clusters usually contain five or six blos-

som buds. The central one in the cluster is regularly the

strongest, opens first, and sets first. Its fruit has the beet

chance of hanging on through the period when the weaker of

the youHg fruits drop and of remaining till it ripens. Several or

even all of the blossoms in a cluster may set fruit, but, if any of

these pass successfully through the period when the young fruits

drop, generally only one or perhaps two of them are left to ripen.

Fig. 2, Plate LVII, shows a typical Baldwin cluster shortly after

the blooming season passed and before the dropping of the

weaker fruits began. It shows clearly the superiority of the cen-

tral fruit in the cluster.

An apple blossom cut through the middle shows different parts

as illustrated in Fig. 12. The outer green portion which covers

the bud is the calyx. Where the blossom opens it turns back-

ward as shown at c, Fig. 12, and c, Fig. 13. It remains after the

fruit has developed as may be seen by examining the blossom end

of a rii>e apple. The showy white or pink tinged part of the

flower is the corolla. Its separate leaves are called petals, pt,

Fig. 12. If calyx and corolla be taken away it is still possible

for fruit to develop. These are therefore not the essential organs.

The essential organs are inside of the petals. They are the
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stamens and the pistil. The stamens, st, Fig. 12, many in

number, are next to the petals. They are thread like organs

tipped with minute yellow sace which are filled with a very fine

yellow powder, the pollen. The pistil, p. Fig. 12, and p, Fig. 13,

is in this ease a compound one. It occupies the very center of

the flower. It is united below and separates above into five

green threads, which are known as styles. The enlarged tip of

the style is given a separate name, the stigma, and its rough,

sticky surface is known as the stigmatic surface, s. Fig. 12, and s,

Fig. 13. Figure 13 gives the appearance of the flower with the

petals and stamens cu-t off so that the parts of the pistil may be

readily distinguished.

The part which finally develops into fruit, o, Fig. 12, and o.

Fig. 13, called the ovary, has within the little egg cells called

ovules, ov, Fig. 12, and ov, Fig. 13, which if the fruit sets, develop

into the seeds. If a typical ripe apple be examined five cavities

will be found in the core, each with two seeds. Likewise the

center of the ovary has five cavities each with the two ovules

ready to develop into seeds should they become fertilized, and

each directly connected with the particular one of the five styles

which is immediately above it. The stamens may be called the

male organs of the flower; the pistil, the female. In order that

the ovules may become fertilized the pollen which is produced

by the stamens must in some way reach the stigmatic surface of

the pistil. The pollen may be brought to the pistil by insects

which pass from flower to flower, or it may reach it in some other

way. The stigmatic surface of the pistil, when it is ready for

the pollen, becomes covered with a sticky fluid which easily

holds any of the pollen that happens to touch it. Within a few

hours after the pollen reaches the stigmatic surface under favor-

able conditions, it sprouts and sends out a pollen tube in a way
somewhat analogous to the sprouting of grain in warm, moist

fioil. Figs. 14 and 15 illustrate the germination of some

Amaryllis pollen. The pollen tube grows downward through

the soft tissues of the style till it reaches the ovule. From the

pollen tube there then passes into the ovule a substance which
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stimulates it to growing into a seed, or in other words, which

fertilizes it. If fertilization does not take place there is no

further development and the entire flower withers and dies.

The essential organs of the flower are composed of very tender

tissues. It is not surprising that injury follows when they are

hit by spray mixtures. Neither is it strange that Bordeaux mix-

ture should prevent the growth of the pollen. Bordeaux mix-

ture eould not hold its position as a leading fungicide if it did

not prevent the growth of fungus spores. The germination of

a pollen grain is analogous to the germination of a fungus-,

spore. Fig. 14 illustrates pollen grains of an Amaryllis and Fig.,

15 shows their appearance after they have germinated and begun,

to send out the pollen tubes; Fig. 16 illustrates spores of a

species of fungus which causes the carnation rust and Fig. 17

shows the same after they have germinated and sent out the

germ tubes. Since Bordeaux mixture is deadly to the one it

might reasonably be expected to have a similar effect upon the

other. That it does have such an effect is demonstrated by

the experiments in the laboratory and in the orchard, an account

of which is given on the preceding pages.

EFFECT OF SPRAYING IN BLOOM UPON THE YIELD.

In order to get some evidence as to the effect of spraying

apple trees in bloom upon the yield of fruit, and' also upon

injurious insects and plant diseases, as compared with spraying

when the trees are not in bloom, four bearing orchards were

sprayed in different parts of Western New York. These

orchards were so free from fungous troubles during 1900 that

no information was gained as to whether such diseases as the

apple scab may be best controlled by spraying in bloom but the

experiments did throw some light upon the effect on the yield,

of spraying in bloom, although they are not conclusive on this

point, as may be seen by the following account of the work.

Three of the orchards in which these experiments were con

ducted are near Lake Ontario and one is on the upland about

five miles west of Seneca Lake. This arrangement was planned
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so as to observe the effect of the treatment in widely separated

orchards and under differences of environment. These orchards

belong to the following named gentlemen: George H. Bradley &
Son, Lake Road, Niagara County; F. D. Gardner, Barker,

Niagara County; John B. Collamer & Son, Hilton, Monroe

County; Thomas B. Wilson, Hall's Corners, Ontario County.

These gentlemen put their orchards at the disposal of the

Station for the purposes of this investigation, and throughout

the season gave the work their cordial cooperation. Our thanks

are due to them for this and for many courtesies extended to

the representatives of the Station who conducted the experi-

ments.
experiments at lake road.

In the orchard of Messrs. George H. Bradley & Son, Lake

Road, three rows of trees on the north side of the orchard were

included in the test. The accompanying plan gives an idea of

the relative position of the trees under experiment. Those

marked s were sprayed in bloom: corresponding trees which

A
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were not sprayed in bloom are marked o. The trees thus indi-

cated are all of the Hubbardston variety.

Treatment.—In all treatments Bordeaux mixture, 1-to-lO

formula, and Paris green, 1 lb. to 160 gallons, were used. The

trees in Rows 2 and 3 were first sprayed in part May 14; at this

time the blossom buds had appeared but no blossoms were open.

They were sprayed May 14 on one side and on the opposite side

May 21. On the latter date the buds were far enough along to

show the color of the flower but no blossoms were yet open

on these trees, although Oldenburg had been in bloom since

Mav 16.
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On May 24 the blossoms were well open and the trees in row

4 were then sprayed very thoroughly so as to hit as many of

the open blossoms as possible. Immediately after the blossoms

had fallen, May 31, the trees in Row 2 and 3 were sprayed on the

west side only and on June 6 they were sprayed on the east side

only. The weather conditions did not appear to favor the

development of the scab fungus and no spraying was done after

this. The treatment given to these Hubbardston trees for the

season may be thus stated.

Rows 2 and 3—sprayed just before blooming and just after

blooming. ,

Row 4—sprayed just after coming into full bloom.

Effect of the spray upon the open hlossoins.—Soon after the fruit

set a comparison of those trees which had been sprayed in bloom

with those not so sprayed showed very clearly that many blos-

soms had been killed by the spray. Although the bloom was so

abundant that the loss of these blossoms could not be expected

to make much difference in the yield of fruit yet at the close of

the season the record of the yield actually showed less fruit on

the average where the trees were sprayed in bloom than where

they were not.

With the assistance of Mr. Bradley the following estimate of

the amount of bloom on each tree was made May 24.

Row 2: Kot sprayed Row 3: Not spiayed Row 4: Sprayed In
in bloom. in bloom.

"
blooai.

No. 15 heavy. No. 15 heavy. No. 15 heavy.

No. 17 heavy. No. 16 medium. No. 36 medium.
No. 18 heavy. No. 18 heavy.

'

No. IS heavy.
No. 19 heavy. No. 19 heavy. No. 19 heavy.

No. 20 heavy.

An idea of the climatic conditions during the spraying season

in Niagara County at Lake Road as compared with those in

Ontario County at Geneva may be obtained from the following

table. The observations for Niagara County were made free of

charge by Mr. H. A. Van Wagoner, to whom our thanks are due

for this favor. The table shows the average of three daily read-

ings of maximum and minimum thermometer, relative humidity,
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and also the amount of rainfall at Lake Eoad and Greneva for

7 weeks—May 12 to June 29.

Table XIV.—Partial Meteorological Record, Lake Road and
Geneva, May 12-June 29.

j)j^tg_ Average Average Average Total
UJiix. * uiiu. bumidiiy. raiutal).

LAKE ROAD.

May 12-18 71 48 76 0.33

May 19-25 69 45 63 0.02

May26-Juuel 74 51 77 0.25
June 2-S 74 55 80 0.53
June 9-15 74 51 73 0.17

June 16-22 74 51 68 0.15

June 23-29 84 59 63 O.OG

Total

Average 74.3 51.4 71.4 1.51

GENEVA.

May 12-18 76 51 65 0.72

May 19-25 70 48 56 0.00

May 26-June 1 78 48 63 0.62

June 2-8 80 55 67 0.65

June 9-15 77 50 61 0.11

June 16-22 80 54 53 0.05

June 23-29 88 60 53 0.14

TotaJ

Average 78.4 52.3 59.7 2.29

It is interesting to note that while the rainfall was greater at

Geneva the average humidity was decidedly less and the tem-

perature was higher and subject to somewhat greater extremes

at this place than it was at Lake Road.

The conditions during the summer remained favorable to the

healthy development of foliage and fruit except that the drought

was severe. High winds at different times, and especially the

wind storm of September 11 and 12, caused the loss of a con-

siderable amount of fruit.

Yield of fruit.
—In order to get as accurate a record as possible

of the efifect of the spraying in bloom upon the yield even the

windfalls which were unfit for any use were measured and the

record of the amount of this fruit for each tree was included in

making the statement of the total yield of fruit per tree. On
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October 13, the crop of fruit was gathered. The picked fruit

was sorted into but two grades, namely barrel-fruit and culls.

The apples were quite free from scab and insect injury. Some

fruits had been attacked by late brood codlin moth, but the

greater part of the culls consisted of apples which were too

small to barrel. It was very noticeable that there was a much

larger percentage of fruit too small to barrel in Row 4, which

had been sprayed in bloom, than from either Row 2 or 3 which

were not so sprayed. The fruit from Rows 2 and 3 averaged

so much larger in size that Mr. Frank Bradley estimated that it

would sell at from 25 cents to 50 cents more per barrel than the

fruit from Row 4. At the ruling prices this was a gain of from

20 per ct. to 40 per ct. in price in favor of the fruit from trees

not sprayed in bloom.

Why the fruit from the trees sprayed in bloom should in this

test grade smaller and in other tests grade larger than trees not

sprayed in bloom is not quite clear. Possibly be'-aiise the spray-

ing was done at a time when it killed a large percentage of the

first blossoms to open. These are the strong, vigorous blos-

soms in the center of the cluster, which usually take the lead

in growth and which naturally may be expected to make the

largest fruit. Perhaps there were more small apples in Row 4

because next south of it in Row 5 stood large, thrifty Baldwin

trees. These Baldwins doubtless sent vigorous roots into the

soil, towards the Hubbardston trees and made it somewhat

more difficult for trees in Row 4 to get the material with which

to make large fruit than it was for the trees in Rows 2 and 3

which were surrounded by trees much smaller than the Bald

wins.

The following table shows the total yield for each tree.

26
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Table XV.—Total Yield of Htjubaedston Apple Trees.

Sprayed in bloom.
Total number bushels.
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mated at $18 per acre. This is an item of much less importance

however, than the difference in the market value of the fruit

which, as before stated, Mr. Bradley estimated at 25 cents to

50 cents per barrel in favor of the trees not sprayed in bloom.

The average yield of the trees sprayed in bloom was 12.95

bushels. With 48 trees per acre this would amount to 621.6

bushels or 207.2 barrels per acre. A loss of 25 cents per barrel

on this number of barrels amounts to $51.80, which combined

with the apparent loss in yield of |18 makes the total loss in

this experiment at the lowest estimate about $70 per acre. This

estimate is presented here to show the apparent loss from spray-

ing in bloom in this particular test. It is given as simply one

item of evidence bearing upon the general subject under investi-

gation. It is not supposed that it furnishes an accurate stand-

ard for estimating the probable loss from such treatment in

other localities and seasons. As stated before it is not clear

whether the fruit in Row 4 was smaller than that in Eows 2 and

3 because of the treatment or because of the location of the

trees.

experiments at HILTON.

In the orchard of Messrs. John B. Collamer and Son, Hilton,

Monroe County, several varieties were treated. These trees

were planted about 20 years ago and about 10 years ago were

top-worked. They average from 17 feet to 20 feet high and

stand 30 feet apart. Two trees of Oldenburg were sprayed in

bloom and two other trees which were selected as being as near

like these as possible were not sprayed in bloom. All of these

trees were sprayed alike on the west side May 4 before the blos-

soms opened, but after the leaf buds had opened, using Bor-

deaux mixture, 1 to 10, and sodium arsenite at the rate of 1

pound of white arsenic to 200 gallons of the mixture, which is

equivalent to 1 pound of Paris green to 100 gallons.

The Oldenburg trees which were sprayed in bloom were

treated Saturday, May 19, about four days after the blossoms

began to open. After the blossoms had fallen. May 29, the cor-

responding trees which had not been sprayed in bloom were
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sprayed on the east side only. Later they were sprayed on the

opposite side.

Three trees of Alexander, 6 of Twenty Ounce, 4 of Pumpkin
Sweet (commonly called Pound Sweet), 3 of Baldwin and 3 of

Hubbardston were similarly sprayed in bloom and an equal num-

ber of corresponding trees of the same'varieties not sprayed in

bloom were compared with them.

Observations later showed that on the treated trees many
blossoms had been destroyed by the treatment. On the treated

Baldwin the fruit which had set generally developed either from

the very early or from the late blossoms. Plate LVII, Fig. 1,

shows a treated cluster in which no fruit has developed except

possibly one from a late, outside blossom. On corresponding

Baldwin trees which were not sprayed in bloom, not only had

the center blossom of the cluster generally set, but often two or

three or more of the other blossoms of the cluster had also set

fruit as shown in Table XII and illustrated by Fig. 2, Plate

LVII.

These results indicate that at the time when the spraying was

done the earliest of these Baldwin blossoms were already too far

advanced and the latest were not open enough to be injured by

the spray, while the lately opened mid-season blossoms generally

succumbed to the treatment, probably because the process of

fertilization had not yet progressed far enough to place them

beyond danger from the poisonous effect of the spray mixture.

For a comparison of the number of blossoms which set on the

Baldwin and Pumpkin Sweet which were sprayed in bloom and

on the corresponding trees not sprayed in bloom, see p. 393. On

the Oldenburg trees the earliest blossoms to open were generally

the ones which were killed by the spray; in many cases only the

center blossom of the cluster was killed. The fruit which set on

Oldenburg sprayed in bloom generally developed from the blos-

soms which opened in mid-season or later.

When the June drop of fruit occurred, Mr. Collamer reported

that he could see no difference between the trees sprayed in

bloom and those not so treated in the percentage of the fruit



New York Agricultural Expeirimbnt Station. 405

which dropped. The difference in the amount of fruit on trees

of Alexander, Twenty Ounce and Oldenburg which were

sprayed in bloom and corresponding trees of these varieties

which were not so treated was not great enough to be deter-

mined from inspection as late as August 16. The Oldenburgs

were picked August 21 and graded by Mr. Collamer into three

grades as shown in his report which follows. No record was

kept of the drops, but the amount was relatively large when

compared with the amount of picked fruit.

Table XVII.—Yield of Oldenburg Apple Trees.

Not sprayed In bloom. Sprayed in bloom.

Class of fruit. Tield in pounds. Yield in pounds.

Total yield from 2 trees 267 227

No. 1, from 2 trees 176 or 66 per ct. 151 or 67 per ct.

No. 2, from 2 trees 82 or 31 " 65 or 29 "

No. 3, from 2 trees 9 or 3 " 11 or 4 "

Average yield of picljed fruit per tree. 134 114

From this it appears that the average loss of picked fruit per

tree was 20 lbs., or about two-fifths of a bushel. It is but fair

to say that this variety, the Oldenburg, is not well adapted for

a test of the effect of spraying in bloom on the yield, because

the fruit does not ripen so that it can all be picked at once, and

consequently it is not easy to keep an accurate record of the

drops and of the different grades of marketable fruit.

Four trees of Pumpkin Sweet were sprayed in bloom, and four

corresponding trees were not sprayed in bloom. On August 16

the following notes on these trees were made:

Row 3, sprayed in bloom.

Tree 1.—No fruit on the tree.

Tree 2.—But little fruit on the tree.

Tree 3.—But very little fruit on the tree.

Tree 4.—But very little fruit on the tree.

Row 4. not sprayed in bloom.

Tree 1.—But very little fruit on the tree.

Tree 2.—But very little fruit on the tree.

Tree 3.—But very little fruit on the tree.

Tree 4,—But very little fruit on the tree.
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So far as the influence of spraying in bloom upon the yield is

concerned it is evident that this test with the Pumpkin Sweet

is inconclusive, because there was very little fruit produced by
either the treated or the untreated trees.

Three trees of Baldwin were sprayed in bloom and three corre-

sponding trees were not so sprayed. On August 16 the follow-

ing notes were made.

Row 3—sprayed m hloom.—Tree 5: Lower limbs except on

west and north are well loaded. The rest of the tree has a fair

crop. Tree 6 : A good crop and quite evenly distributed. Tree 7 :

A fair crop on south and east parts of the tree. The rest of the

tree has a light crop.

Row 4—^ot sprayed in Uoom.—Tree 5: Except on the north-

west the tree is well loaded and the crop quite evenly distributed.

Tree 6: A fair crop and quite evenly distributed. Tree 7: A
light crop.

On account of the variability in the yield of the different Bald-

win trees which received the same treatment a larger number of

trees should be tested in order to get satisfactory evidence as

to the effect of the treatment on the yield.

EXPERIMENT AT HALLS CORNERS.

Spraying in bloom was tested on Baldwin and Rhode Island

Greening trees in the orchard of Thomas B. Wilson, Halls Cor-

ners, N. Y. A row containing 14 Baldwin trees was sprayed in

full bloom and the same number of trees in the next row which

were not sprayed in bloom were selected for comparison with

them. Five Rhode Island Greening trees were sprayed on one

side only while in bloom and one was sprayed on both sides.

The portions of the five trees which were not sprayed in bloom

were to be used for comparison with the sprayed portions. The

trees selected for the experiment have been planted 29 years.

They are quite uniform in size and generally are in good health

and productive condition.

Treatinmt.—The first treatment was given to all of the trees
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under experiment. It was made May 7, after the leaf buds

opened but before any of the blossoms were open.^

The second treatment for the ti'ees which were sprayed in

bloom was made May 21, to 14 Baldwin and one R. I. Greening

tree and to the north side of five other R. I. Greening trees.

This spraying was done with especial thoroughness so as to hit

as many of the open blossoms as possible. Nearly all of the

blossoms were open at this time. The trees showed an unusual

abundance of bloom. The second treatment for the correspond-

ing trees which were not sprayed in bloom was not given till

May 29 and June 1 when the trees were just out of bloom. At

this time 14 other Baldwin trees were sprayed and also the south

side of the five R. I. Greenings which had been sprayed on the

noirth side May 21. This treatment was made just as thoroughly

as the treatment of May 21.

The third treatment was given to all trees alike June 11. The

fruit was then about the size of cherries.

In all these treatments Bordeaux mixture, 1 to 10, was used

combined with sodium arsenite. The latter was used at the rate

of f lb. of the white arsenic from which it was made to 100 gal-

lons of the spray mixture.

Effect of the spray upon the open hlossoms.—The trees which had

been sprayed in bloom were examined May 29 and it was evident

that very many of their blossoms had been killed by the treat-

ment. Nevertheless the bloom had been so abundant that includ-

ing the comparatively few, but really large number, which had

escaped injury because they were not open May 21, there were

enough blossoms which were not hit by the spray, to provide

for a fair to good setting of fruit. Even on trees which were not

sprayed in bloom Mr. Wilson estimated that 90 i>er ct. of the

'The row of Baldwin trees not sprayed in bloom was treated with Bor-

deaux mixture alone May 4 just after the leaf buds opened but the rain

interfered with continuing the treatment to the row which was to be

sprayed in bloom. On May 7 they were treated with Bordeaux and
sodium arsenite as were also the trees which were to be sprayed in Lloom.

This is what is called above the "
first treatment."
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blossoms failed to set yet enough did set to provide a consider-

able crop of fruit.

Yield of fruit.
—The Greening trees under experiment suffered

the loss of so much of their fruit in the wind storm of September
11 and 12 that no record could be made of the yield of the part

sprayed in bloom as distinct from the part not sprayed in bloom.

So far as could be determined by inspection only, there was no

decided difference between them.

The Baldwins suffered much less loss of fruit during the wind

storm referred to than did the Greenings. Since the trees of

this variety which were sprayed in bloom were in a separate row

from the trees with which they were to be compared, the amount

of the drops could be ascertained and the record of their yield

was therefore kept.

The amount of all the windfalls is included in the record of

the total yield of fruit as given in the following statement. It

appears from this statement that the d'rops amounted to about

one-third of the total yield. An inspection of the fruit both

before and after it was picked led to the opinion that the color of

the fruit was better where the trees were not sprayed in bloom

than it was where they were sprayed in bloom, but in size and

quality there was no decided difference.

Table XVIII.—Yield of Baldwin Apple Trees.

Not sprayed in bloom. Sprayed in bloom.

Total bushels picked from 14 trees 129 127.5

Total bushels drops 66 61 . 1

Total yield 195 188.5

Average yield per tree 13.9 13.5

From this it appears that the average yield per tree was two-

fifths of a bushel less where the trees were sprayed in bloom than

where they were not so treated. The trees sprayed in bloom

averaged 6f bushels No. 1 picked fruit while the corresponding

trees not sprayed in bloom averaged 6^ bushels. Did thinning

of the fruit by spraying in bloom have the same effect as thin-

ning by other methods, and cause this larger yield of No. 1 fruit
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witli a 9maller total yield than that of the corresponding trees

not sprayed in bloom?

experiments at barker.

In the orchard of Mr. F. D. Grardner, Barker, N, Y., several

varieties were sprayed in bloom. These trees have been planted

27 years and are from 15 ft. to 20 ft. high. They stand 34 ft.

apart. They were treated as stated below:

Sprayed all alike before blossoms opened.
r Sprayed Tompkins King and Twenty Ounce in Rows 5

I, and 7. These were then in full bloom.

Sprayed Roxbury Russet and Rhode Island Greening in

Row 5 which were then in full bloom^

Just after blossoms had fallen, sprayed Tompkins King

May
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not hit in. the center by the spray and of course these escaped

injury.

Effect of the spray on the open blossoms.—The trees sprayed in

bloom May 19 were examined May 24. At that time there was

apparently but little injury from spraying the open blossoms but

on June 5 these trees and also those which were sprayed in bloom

May 24 showed great numbers of clusters in which part or all

of the blossoms had died from the effect of the spray. This

injury could be readily recognized when the trees which had

been sprayed in bloom were compared with corresponding trees

not so treated.

With the assistance of Mr. Gardner the following estimate was

made of the amount of bloom on the trees under test.

Twenty Ounce all very heavy.

Tompkins King all very heavy.

Roxbury Russet sprayed in bloom
;
one light, one heavy.

Roxbury Russet not sprayed in bloom; one light, one medium.

Rhode Island Greening sprayed in bloom; both very heavy.

Rhode Island Greening not sprayed in bloom; two light, two

very heavy.

Mr. Gardner reported June 29 that there was practically no

difference in the drop of fruit from, the two lots of trees under

test; all were holding the fruit well. During the summer the

foliage remained healthy and the fruit fair and free from scab or

other disease. The Tvrenty Ounce fruit was somewhat russeted

from the effect of the spraying in bloom. An inspection of the

trees of this variety August 17 showed but little if any difference

in the amount of fruit on trees sprayed in bloom and the trees

not so treated. On the other hand there seemed to be decidedly

less fruit on Roxbury Russet trees sprayed in bloom than on the

corresponding trees which did not receive this treatment. The

same was true of R. I. Greening. On Tompkins King, the spray-

ing in bloom also seemed to have thinned the fruit somewhat.

In October, when the fruit was picked, there was so little

fruit on any of the Roxbury Russet trees under test that it was

of no use to keep the record of the yield. Through an oversight
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the yield of the Twenty Ounce not sp-rayed in bloom, was not

recorded so that no comparison can be made with the corres-

ponding trees which were sprayed in bloom other than was made

August 17 as noted above.

Two of the R. I. Greening trees which were not sprayed in

bloom had a light bloom. Since there were no corresponding

trees with light bloom in the row which was sprayed in bloom

these two trees were not taken into account in making the aver-

ages for the table.

It appears from this table that Tompkins King sprayed in

hV Dm yielded 1| bushels less fruit per tree than corresponding

trees not sprayed in bloom, yet the amount of marketable fruit

was not diminished. The R. I. Greening trees which were

Table XIX.—Yield of Tompkins King and R. I. Greening Apple Trees.

^ot sprayed in blooiu. Sprayed in bloom.

Name of variety -^^ ^^ ^^.^^^ Ayerage baabels No. of trees Average bushels
under test. per tree. under test. per tree.

Tompkins King 1 2

No. 1 9.23 9.00

No. 2 3.00 3.25

Culls .75 .75

Drops 2.00 .50

Total yield 15.00 13.50

H. I . Greening 2
No. 1 9.38 9.88

No. 2 2.50 1.75

Culls 3.75 1.75

Drops 2.00 3.00
Total yield 17.63 16.38

sprayed in bloom yielded 1^ bushels less per tree than trees not

so sprayed, but the loss of the marketable fruit was only one-

fourth bushel per tree. In these cases, as with the Baldwin trees

in Mr. Wilson's orchard, spraying in bloom thinned the fruit and

the thinning done in this way seemed to produce results in some

respect similar to those obtained when the young fruit is thinned

by hand, that is to say the total yield was decreased but the yield

of marketable fruit was but slightly lessened or was even some-

what increased. The experiment with the Hubbardston at Mr.

Bradley's, however, gave contrary results, and further tests are

needed to establish a safe general conclusion on this point.
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INSPECTION OF CONCENTRATED COMMERCIAL
FEEDING STUFFS DURING THE

SPRING OF 1900.*

W. H. Jordan and C. Gt. Jenteb.

FEEDING STUFFS LEGISLATION.

The Legislature of New York at its session of 1899 enacted a

law having for its purpose the regulation of the sale and inspec-

tion of concentrated commercial feeding stuffs. This law con-

stitutes chapter 510, Laws of 1899, which amends chapfter 338,

Laws of 1893. In order to make moire clear one of its provisions

it has been since amended, as per chapter 79, Laws of 1900.

REASONS FOR SUCH LEGISLATION.

The primary occasion for such legislation is the introduction

into our markets of a great number of by-products from various

manufacturing processes which are more or less useful and valu-

able for feeding farm animals, such as the oil meals, wastes from

the manufacture of starch and glucose, brewers' residues, by-

products from the preparation of breakfast foods and the offals

from the milling of wheat, rye and buckwheat.

Such materials differ widely in composition and nutritive value,

a fact which takes on great significance when we learn that these

feeding stuffs are not always sold under their correct names and

that the inferior ones are often used to adulterate those of a high

grade in a way not easily detected. The cheapening of cotton-

seed meal by grinding into it a proportion of hulls, the mixing of

gluten products with com meal, the extensive adulteration of

mixed feeds with oat hulls and of wheat bran with corn cobs

*
Reprint of Bulletin No. 176.
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or isimilar substances, are examples of existing practices against

which it is sought to defend the farmer by legal enactment.

Not only are dishonest practices more or less prevalent in the

feeding stuffs trade as in every other, but the names popularly

applied to commercial cattle foods can not be depended upon as

an indication of composition. Much confusion exists in the

names applied to the starch and glucdse wastes especially. The

claims made for mixed feeds are not always justified by the actual

composition of these materials. For these reasons it is essential

and right for the consumer to be furnished with reliable infor-

mation concerning the substances that he is buying.

THE PROVISIONS OF THE LAW.

The following is a summary of the provisions of the concen-

trated feeding stuffs law:

(1) The law defines the term " concentrated commercial feed-

ing stuffs." It is made to include linseed meals, cottonseed

meals, pea-meals, cocoanut meals, gluten meals, gluten feeds,

maize feeds, starch feeds, sugar feeds, dried brewers' grains, malt

sprouts, hominy feeds, cerealine feeds, rice meals, oat feeds, com

and oat chops, ground beef or fish scraps, mixed feeds and all

other materials of similar nature.

The following materials are excluded from this term: Hays

-and straws, and the entire grains of wheat, rye, barley, oats,

maize (com), buckwheat and broom com, either whole or ground

into meal; also bran and middlings from wheat, rye and buck-

wheat when sold as such.

(2) It is required that a statement shall be afSxed to the bags

oir other packages in which feeding stuffs are sold, giving the fol-

lowing facts:

Trade name of feeding stuff,

Name of manufacturer and place of business,

Place of manufacture.

Percentage of protein,

Percentage of fat.
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If the goods are sold in bulk the dealer must furnish th-e buyer

upon request the same statement that is required on bags,

(3) The manufacturer, dealer or other responsible party must

file with the Director of the New York Agricultural Experiment

Station annually during December the same statement that is

required on the bags, and furnish a sample of each feeding stuff,

if the Director so requests. Samples so furnished are not for

analysis.

(4) A license fee of |2o on each and every brand of concen-

trated feeding stuff sold or offered for sale is to be paid to the

Treasurer of the New York Agricultural Experiment Station

annually during December.

If the manufacturer or importer or shipper files the required

statements and pays the fee for the whole State no one else is

required to pay, but otherwise every retail dealer in the State is

liable. (It is expected that this law will operate as does the fer-

tilizer law, where, without exception, the manufacturers or

importers pay the required fees.)

(5) The Directoir of the Station is to collect in the open marked

samples of the feeding stuffs coming within the provisions of this

law and cause them to be analyzed. The informationi so secured

shall be fblisihed from time to time in bulletins or reports.

(6) The adulteration of the cereal grains, corn, oats, etc., with

milling or manufacturing waste products, as for instance grind-

ing oat hulls into com, is made illegal, unless the substances in

the mixture are clearly stated on the package.

(7) Proper penalties are named for the violation of the provi'

sions of this law.

(8) The Director of the Station shall report violations of the

provisions of the law to the Oommissioner of Agriculture, who

shall prosecute the party or parties thus reported.

The essential provisions of a feeding stuffs inspection law

which will be mainly influential in promoting a better condition

in the feeding stuffs trade are the guaranteed bag markings and

public statement of composition, the annuail official record of the

27



418 Report of Inspection Work of the

trade brands and guaranteed composition at the Experiment

Station, and the annual inspection by State officials.

It will be noticed that this law is quite similar in its proivisions

to th-e fertilizer laws which have been in successful operation in

many States during the past twenty-five years. It is a recog-

nition of the right of every purchaseir of cattle foods to know

what he is buying, and of the duty of the manufacturer or dealer

to comply with his advertised statements.

OBJECTIONS TO THE LAW,

When the New York law was first proposed some interested

parties feared that it would be inimical to trade interests.

It was thought that the license fee would prove to be a finan-

cial burden. It was not undeTstood by all that the payment of a

single fee by the manufacturers would meet the provisions of the

law for the whole State, and that the dealers would probably bear

no direct expense whatever. Of course manufacturers, especially

those in other States, may refuse to pay this fee, but this wonld

be a short sighted policy, as it would most certainly in the end

result in shutting their goods out of New York trade. Such a

refusal conld not reasonably be based on the claim that this fee

ifi a heavy money tax. Even if a manufacturer is putting out

not over 100 tons annually, which is rarely the case, the tax per

ton would only be 25 cents. In most cases where the output is

hundreds and even thousands of tons the added expense of pro-

duction is too small to be appreciated. Some of the small millers

of the State may regard the license fee and cost of the neces-

sary chemical analyses as an expense altogether too large, and

it is well to remind all such that if they confine their business to

the entire cereal grains, either separate or mixed, and to the

ofials from the cereal grains, and refrain from buying oat hulls

or other by-products to mix with the ground grains, the law will

in no way affect them. If they deal in such standard feeds as

the oil meals, gluten products and brewers' residues no fee will

be required in most cases, because it generally will be paid by

the manufacturer.
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It is proper for the interested public to know that the total

income to the State from license fees on concentrated feeding

stuffs for the year 1900 will not exceed |2,600, which can neither

be a burdensome tax upon a business that involves hundreds of

thousands of tone of material, nor a large sum of mtoney with

which to inspect these goods.

Objection has been made to the guaranteeing of the analysis

of by-product commercial feeding stuffs on the ground that

because of natural variations in the grains from which they are

made their composition is not uniform. The answer to this is,

•that while the proportions of protein and fat in the unmixed

by-products do vary within certain limits, there are minima that

may be used as the guarantees below which these percentages

rarely fall. In the mixed feeds containing several components
the composition is in the control of the manufacturer. Moreover,

it is expected that in this particular common sense will prevail

in the execution of inspection laws. It is possible to so adminis-

ter affairs that only willful violators of the law will feel its

force. Similar provisions relative to fertilizers have been in

force in some states for over twenty-five years; and honest manu-

facturers and dealers, while sometimes inconvenienced, have

suffered no hardships therefrom.

COMPLIAXCB WITH THE LAW,

It is probably too early to reach any conclusions as to how

fully it will be possible to secure compliance with this new law.

Already, so far as known, the manufacturers of the leading

brands of commercial feeding stuffs have met its provisions.

Doubtless some local mills and perhaps other parties are still

doing an illegal business. In the single inspection which has so

far been instituted, it has not been possibl.e to reach every por-

tion of the State and so some goods have up to this time escaped

attention. Ultimately, however, cases of violation will be

reached and they will then be treated as good judgment seems

to indicate.
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Those who find it necessary to purchase feeding stuffs should

remember that thej will largely determine the extent to which

the law is obeyed. If they refuse to buy goods not properly

marked or for which no guaranteed analysis can be furnished,

dealers will not handle such, and when dealers refuse to handle

a particular brand the manufacturer will be obliged to comply

wth the law if he protects the interests of his business. It would

be difficult at the present time to sell unmarked fertilizers in.

New York and the same condition may be made to prevail in the

feeding stuffs trade.

It will certainly be the effort of the Experiment Station to give

proper support to those manufacturers who meet the situation

squarely and to warn dealers and consumers against purchasing

materials, the character and composition of which the manu-

facturers are not ready to declare. The payment of the license

fee is a matter to be settled between the dealers and the manu-

facturers. While the retail dealer is the liable party, especially

.in selling goods coming from without the State, it is certainly in

the interests of convenience and economy for a single party,

either the manufacturer or importer, to pay the fee once for all

and thus prevent each and every dealer from being liable to this

payment.

POLICY OF ENFORCEMENT.

It is generally conceded that the object of law is to secure

proper conditions in those matters to which law pertains. In

this particular case the object is to aid in promoting honesty and

intelligence in the cattle food trade. It is believed that this

result can best be reached by educational methods, reserving

penalties for those cases of persistently willful and dishonest vio-

lation of the reasonable requirements which the law imposes.

To drive an unscrupulous manufacturer or dealer out of his dis-

honest practices is the main good to reach and if this can be

done without an appeal to the courts it is really better then to

resort to litigation. It has been found in fertilizer inspection;

that the desire to stand well in the published results of inspec-

tion is an important factor in causing a careful attention to legal
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provisions. At the same time the fact that the courts may be

used and, if necessary, will be, is not forgotten; and will not be

in inspecting feeding stuffs.

LIST OF LICENSED BRANDS.

There is given in this connection a list of the brands of feeding

stuffs relative to which all the requirements of the law have

been met so far as known.

The various feeding stuffs named under this head are recom-

mended to the trade as those which dealers may handle at the

present time without violating a State law and which consumers

may purchase with a good degree of assurance as to the general

character of what they are buying.
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TABLE II.—TIJE PROTEIN AND FAT FOUND IN SAMPLES OP
Collec.
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FEEDING STUFFS TAKEN DURING THE SPRING OF 1900.

Protein. Fat.

Collec-
tiou
No.

109
64
24
31
G9

74
33
86
90
50
78
96
81
5

60
87
88
92

K'ame of feed.

Cotton seed meal,
Prime cotton seed meal,
Daisy
Prime " " "

111 Dixie brand cotton seed meal, 44.6

Pure oil meal,
tk <( (4

" " " old process,
Old process oil meal,
Pure ground oil cake,
Linseed oil meal, old process,

Pure old process oil meal,

Cleveland flax meal,
Old process oil meal.
Oil meal.
Oil meal, old process,
Mayflower brand oil meal.

45
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Collec-
tion
No.

114
118

38
77
36
70
75
44
67
85
17

100
18
20
95
98
59
62
8

57
83
84

25
58
68
15
99
28
112
32
49
2
10
53
63
107

26
46
113
9
82

TABLE II (Continued).

Manufacturer or jobber.

Name.
^
Hollister, Chase & Co.,

* ludia Wharf Brewing Co.,

The H, O. Company,
The H. O. Company,
The H. O. Company,
The H. O. Company,
The H. O. Company,
The American Cereal Co.,
The American Cereal Co.,
The American Cereal Co.,
The American Cereal Co.,
The American Cereal Co.,
The American Cereal Co.,
The American Cereal Co.,
The American Cereal Co.,
Daisy Roller Mill,
Brooks Griffiths Co.,
Brooks Griffiths Co.,
Moon & Co.,

U. S. Flour Millinir Co.,
^

W. S. Ankeny & Co.,

Washburn, Crosby & Co.,

Chapin & Co.,
Hndnut Co.,
Hudnut Co.,
Patent Cereals Co.,
Patent Cereals Co.,

Indianapolis Hominy Mills,

Indianapolis ITominy Mills,
Suffern Hunt <fe Co.,

Shellabarger Mill & Elev. Co.,
" Empire Grain & Elev. Co.,

^Thomas Keery,
' M. F. Barringer,
* Howell & Webster,

Glucose Sugar Refining Co.,
Glucose Sugar Refining Co.,
Chas. Pope Glucose Co.,

* James A. Clark,

48 The Kentucky Milling Co.,
79 Andrew Cullen & Co..

65 Muscatine Oat Meal Co.,
110 Cerealine Mfg. Co.,

Address.

New York,
Brooklyn, ,'

Buffalo,
Buffalo,
Buffalo,.
Buffalo,
Buffalo,
Chicago,
Chicago,
Chicago,
Chicago,
Chicago,
Chicago,
Chicago,
Chicago,

'

Milwaukee, Wis.,
Minneapolis, Minn.,
Minneapolis, Minn.,
Binghamton,
Duluth, Minn.,
Minneapolis, Minn.,
Minneapolis, Minn.,

Buffalo,
Terre Haute, Ind.,
Teri*e Haute, Ind.,

Geneva,
Geneva,
Indianapolis, Ind.,

Indianapolis, Ind.,

Decatur, 111.,

Decatur, 111.,

Binghamton,

Hancock,
Philadelphia, Pa.,

Middletown,

Chicago, 111.,

Chicago, 111.,

Chicago, 111.,

Buffalo,

Henderson, Ky.,
New York,
Muscatine, la,

IndianapoUs, Ind,,

Sampled at.

Chester.

Poughkeepsie.

Binghamton.
Utica.

Binghamton.
Hamilton.
Utica.

Binghamton.
Oxford.
Carthage.
Cortland.
Geneva.
Cortland.
Cortland.
Oswego.
Phoenix'.

Downsville. /
Sidney.
Homer.
Walton.
Lowville.
Lowville.

Cortland.
Walton.
Norwich.
Cortland.

'

Geneva.
Marathon.
Chester.

Binghamton. "•

Deposit. - *

Tully.
Homer.
Hancock.
Oxford.
Newburgh.

Cortland.

Binghamton.
Chester.
Homer.
Boonville.

Deposit.
Utica.
Oxford.
Florida.
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TABLE II (Continued).

Colleo-
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Collec-
tion
No.

47
19
S3
6

43
104
106
61
<36

3
14
S5
97
34
52

115
42
11
Dl
101
94
103
102

76
S7
10
21
39

22
116
27
23
40
41

TABLE II (Continued).

Manufacturer or jobber.

Name.

Cerealine Mfg. Co.,
Diamond Mills,
Diamond Mills,
Ilusted Milling & Elev. Co.,
H. R. Heath & Sous,
M. L. Crittenden,

"

David Oliver,
Edw. Elswortla & Co.,
Akron Cereal Co.,
The American Cereal Co.,
The American Cereal Co.,
The American Cereal Co.,
The American Cereal Co.,
Akron Cereal Co.,
D. V. Personius & Son,
Wm. T. Reynolds & Co.,
The American Cereal Co.,
3

* Chapin & Co.,
* Akron Cex'eal Co.,
1 F. K. Fish & Sons,
S" C. H. Reeve,
V C. H. Reeve,

The H. O. Co.,
L. R. Wallace,
The American Cereal Co.,
The American Cereal Co.,
^ Geo. L. Harding,

Smith & Romame,
Bowker Fertilizer Co.,
>Chas. F. Saul,
* Chas. F. Saul,
' Geo. L. Harding,
' Geo, L. Harding,

Addre.^s.

Indianapolis, Ind.,

Buffalo,
Buffalo,
Buffalo,
Fort Dodge, Va.,

Buffalo, .

Watertown,
Buffalo,
Akron, O.,

Chicago, 111.,

Chicago, 111.,

Chicago, 111.,

Chicago, 111.,

Akron, O.,

Waverly,
Sioux City, la.,

Chicago, 111.,

Buffalo,
Akron, O.,
N. Y., 2-4 Stone St.,

New York,
New York,

Buffalo,
Middletown,
Chicago, 111.,

Chicago, 111.,

Binghamton,

N. Y., 329 Wash. St.,

New York & Boston,
Syracuse,
Syracuse,
Binghamton,
Binghamton,

Sample at

Deposit.
Cortland.

Oswego.
Homer.
Binghamton.
Hudson.
Newburgh.
Sidney.
Oxford.
Tully.
Cortland.

Binghamton.
Phoenix.
Binghamton.
Hancock.
Foughkeepsie.
Binghamton.
Homer.
Mexico.
Geneva.
Oswego.
Southampton.
Southampton.

Utica.

Binghamton.
Cortland.
Cortland.

Binghamton.

Cortland.

Poughkeepsie.
Marathon.
Cortland.

Binghamton.
Binghamton.

' Not licensed in this State.
« Mfg. at Mayflower Mills, Fort Wayne, Ind.
• Manufacturer not known.
*
Bouglit before law went into effect.

« From Suffern Hunt & Co., Decatur, 111.



New York Agricultural Experiment Station. 431

TABLE II {Continued).

Protein. Pat.

€olleo.
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COMMENTS.

In commienting on the result of the inspection so far conducted,

the first fact to attract attention is the presence of some goods in

the market, at the time the samples were taken, in apparant vio-

lation of the law. These cases are explained in a variety of ways,

such as the shipping of the goods into the market before the law

went into effect, a change in the name of the brand, the refusal

of the manufacturer or jobber doing business in another state to

pay the license fee, thus throwing the responsibility on the

dealers, ignorance of the law and other reasons less valid. These

cases are receiving attention and the inevitable result will be

either finally to bring the offending parties into line with legal

requirements or drive their goods out of the markets of this

state. In the meantimie dealers are warned not to handle the

goods herein marked as illegally sold, no matter how high their

quality, until clear proof is furnished that the provisions of th.e

law have been fully met. There are so many brands of feeding

stuffs of high quality which may be dealt in legally that it is not

necessary to assume any risks in order to meet the demands of

all consumers.

It is very noticeable that a considerable proportion of the sam-

ples fall short of the guarantee in protein and not a few in fat.

The percentage deficient in protein is 50 and in fat 30. In most

of these cases, however, the actual composition falls below the

guarantee no more than might be expected from the natural vari-

ations in composition. Additional samples must be taken in

order to determine the general composition of the several brands.

A notable instance of fraudulent marking of an unlicensed

feeding stuff is the Mayflower Brand Oil Meal, guaranteed to con-

tain 32 per-ct. of protein, and actually containing about half

that proportion.

One company reports the analyses of its goods on the basis of

what they would contain if water-free. As feeding stuffs are

never found in the market in a water-free condition, but seldom

hold less than 8 or 10 per ct. of water, such figures are deceptive
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as relating to actual composition. If, for instance, a feeding

stuff carries 27 per ct. of protein when water-free, it will scarcely

contain over 25 per ct. in the air-dry condition as found in the

market and generally less.

LAWS OF NEW YORK.

Chapter 338, Laws of 1893, Article 9, as Created by Chapter

510, Laws op 1899, and Amended by Chapter 79,

Laws op 1900.

ARTICLE NINE.

SALE AND ANALYSIS OP CONCENTRATED COMMERCIAL FEEDING
STUFFS.

Section 120. Term " concentrated commercial feeding stuffs "

defined.

121. Statements to be attached to packages; contents;

analysis.

122. Statements to be filed with director of agricultural

experiment station; to be accompanied by sample.

123. License fee.

124. Analysis to be made by director of experiment sta-

tion
; samples to be taken for analysis.

12.5. Penalty for violation of article.

126. Sale of adulterated meal or ground grains; penalty.

127. Violation to be reported to the commissioner of

agriculture.

§ 120. Term " Concentrated Commercial Feeding Stuffs "

Defined.—The term " concentrated commercial feeding stuffs
"

as used in this article, shall include linseed meaLs, cotton seed

meals, pea-meals, cocoanut meals, gluten meals, gluten feeds,

maize feeds, starch feeds, sugar feeds, dried brewer's grains, malt

sprouts, hominy feeds, cerealine feeds, rice meals, oat feeds, com
28
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and oat chops, ground beef or fish scraps, mixed feeds, and all

other materials of similar nature; but shall not include hays and

straws, the whole seeds nor the unmixed meals made directly

from the entire grains of wheat, rye, barley, oats, Indian corn,

buckwheat, and broom com. Neither shall it include wheat, rye

and buckwheat brans or middlings, not mixed with other sub-

stances, but sold separately, as distinct articles of commerce,

nor pure grains ground together.

§ 121. Statements to be Attached to Packages; Contents;

Analysis.—Every manufacturer, company or person who shall

sell, offer or expose for sale or for distribution in this state any

concentrated commercial feeding stuff, used for feeding farm live

stock, shall furnish with each car or other amount shipped in

bulk and shall affix to every package of such feeding stuff in a

conspicuous place on the outside thereof, a plainly printed state-

ment clearly and truly certifying the number of net pounds in the

package sold or offered for sale, the name or trade mark under

which the article is sold, the name of the manufacturer or iship-

per, the place of manufacture, the place of business and a

chemical analysis stating the percentages it contains of crude

protein, allowing one per centum of nitrogen to equal six and

one-fo'urt^h per centum of protein, and of crude fat, both con-

stituents to be determined by the methods prescribed by the

director of the New York Agricultural Experiment Station.

Whenever any feeding stuff is sold at retail in bulk or in

packages belonging to the purchaser, the agent or dealer, upon

request of the purchaser, shall furnish to him the certified state-

ment named in this section.

§ 122. Statements to be Filed with Director of Agricul-

tural Experiment Station; to be Accompanied by Sample.—
Before any manufacturer, company or person shall sell, offer or

expose for sale in this state any concentrated commercial feeding

stuffs, he or they shall for each and every feeding stuff bearing a

distinguishing name or trade mark, file annually during the

month of December with the director of the New York Agricul-

tural Experiment Station a certified copy of the statement
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specified in the preceding section, said certified copy to be accom-

panied, when the director shall so request, by a sealed glass jar

or bottle containing at least one pound of the feeding stuff to be

sold or offered for sale, and the company or person furnishing

said sample shall thereupon make affidavit that said sample cor-

responds within reasonable limits to the feeding stuff which it

represents, in the percentage of protein and fat which it contains.

§ 123. LicEfxs'B Fee.—Each manufacturer, importer, agent or

seller of any concentrated commercial feeding stuffs, shall pay

annually during the month of December to the treasurer of the

New York Agricultural Experiment Station a license fee of

twenty-five dollars for each and every brand sold or offered for

sale. Whenever a manufacturer, importer, agent or seller of con-

centrated commercial and feeding stufffi desires at any time to

sell such material and has not paid the license fee therefor in the

preceding month of December, as required by this section, he

shall pay the license fee prescribed herein before making any such

sale. The amo'unt of license fees received by such treasurer pur-

suant to the provisions of this section shall be paid by him to the

treasurer of the state of New York. The treasurer of the state

of New York shall pay from such amount when duly appropriated

the moneys required for the expense incurred in making such

inspection required by this section and enforcing the provisions

thereof. The board of control of the New York Agricultural

Experiment Station shall report annually to the legislature the

amount received pursuant to this article, and the expense incurred

for salaries, laboratory expenses, chemical supplies, traveling

expenses, printing and other necessary matters. Whenever the

manufacturer, importer or shipper of concentrated commercial

feeding stuffs shall have filed the statement required by section

one hundred and twenty-one of this article and paid the license

fee as prescribed in this section, no agent or seller of such manu-

facturer, importer or shipper shall be required to file such state-

ment or pay such fee.

§ 124. Analysis to be Made by Director op Experimbint

Station; Samples to be Taken for Analysis.—The director of
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the New York experiment station shall annually analyze, or cause

to be analj'zed, at least one sample to be taken in the manner

hereinafter prescribed, of every concentrated commercial feeding

stuff sold or offered for sale under the provisions of this act.

Said director shall cause a sample to be taken, not exceeding two

pounds in weight, for said analysis, ^rom any lot or package of

such commercial feeding stuff which may be in the jwssession of

any manufacturer, importer, agent or dealer in this state; but

said sample shall be drawn in the presence of the parties in

interest,or their representatives and taken from a parcel or a

number of packages, which shall not be less than ten per centum

of the whole lot sampled, and shall be thoroughly mixed, and

then divided into equal samples, and placed in glass vessels, and

carefully sealed and a label placed on each, stating the name of

the party from whose stock the sample was drawn and the time

and place of drawing, and said label shall also be signed by the

person taking the sample, and by the party or parties in interest

or their representative at the drawing and sealing of said

samples; one of said duplicate samples shall be retained by the

director and the other by the party whose stock was sampled;

and the sample or samples retained by the director shall be for

comparison with the certified statement named in section one

hundred and twenty-two of this article. The result of the

analysis of the sample or samples so procured, together with such

additional information as circumstances advise, shall be pub-

lished in reports or bulletins from time to time.

§ 125. Penalty for Violation of Article.—Any manufac-

turer, importer, or person who shall sell, offer or expose for sale

or for distribution in this state any concentrated commercial

feeding stuff, without complying with the requirements of this

article, or any feeding stuff which contains substantially a

smaller percentage of constituents that are certified to be con-

tained, shall, on conviction in a court of competent jurisdiction,

be fined not more than one hundred dollars for the first offense,

and not more than two hundred dollars for each subsequent

offense.
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§ 126. Adulterated Meal or Ground Grain; Penalty.—Any
person who shall adulterate any kind of meal or ground grain

with milling or manufacturing offals, or any other subistance

whatever, for the purpose of sale, unless the true composition,

mixture or adulteration thereof is plainly marked or indicated

upon the package containing the same or in which it is offered

for sale; or any person who knowingly sells, or offers for sale any

meal or ground grain which has been so adulterated unless the

true composition, mixture or adulteration is plainly marked or

indicated upon the package containing the same, or in which it is

offered for sale, shall be fined not less than twenty-five or more

than one hundred dollars for each offense.

§ 127. Violation to be Reported to the Commissioner of

Agriculture.—Whenever the director becomes cognizant of the

violation of any of the provisions of this article, he shall report

such violation to the commissioner of agriculture, and said com-

missioner of agriculture shall prosecute the party or parties thus

reported; but it shall be the duty of said commissioner upon thus

ascertaining any violation of this article, to forthwith notify the

manufacturer, importer or dealer in writing and give him not less

than thirty days thereafter in which to comply with the require-

ments of this article, but there shall be no prosecution in relation

to the quality of any concentrated commercial feeding stuff if

the same shall be found substantially equivalent to the certified

statement named in section one hundred and twenty-two of this

article.

§ 1. This act shall take effect December first, eighteen hundred

and ninety-nine*



REPOET OF ANALYSES OF COMMERCIAL FER-

TILIZERS FOR THE SPRING AND
FALL OF 1900.*

L. L. VanSlyke and W. H. Andrews.

SUMMARY.

(1) Samples collected. During the year 1900 the Station col-

lected 638 samples of commercial fertilizers, representing 450

different brands. Of these different brands 326 were complete

fertilizers; of the others, 48 contained phosphoric acid and potash

without nitrogen; 20 contained nitrogen and phosphoric acid

without potash; 10 contained nitrogen only; 37 contained phos-

phoric acid alone, and 9 contained potash salts only.

(2) Nitrogen. The 326 brands of complete fertilizers contained

nitrogen varying in amount from 0.44 to 8.15 per ct., and aver-

aging 2.16 per ct. The average amount of nitrogen found by the

Station analysis exceeded the average guaranteed amo'unt by 0.10

per ct., the guaranteed average being 2.06 per ct., and the average

found being 2.16 per ct.

In 235 brands of complete fertilizers the amount of nitrogen

found was equal to or above the guaranteed amount, the excess

varying from 0.01 to 2.02 per ct., and averaging 0.22 per ct.

In 91 brands the nitrogen was below the guaranteed amount,

the deficiency varying from 0.01 to 1.98 per ct., and averaging

0.21 per ct. In 83 cases, the deficiency was less than 0.5 per ct.

The amionnt of watersoluble nitrogen varied from (to 7.10

per ct. and averaged 0.89 per ct.

Partial reprint of Bulletin No. 177.
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(3) Available pliosplioric acid. The 326 brands of complete

fertilizers contained available phosphoric acid vai'ying in amount

from 1.20 to 17.47 per ct. and averaging 8.90 per ct. The aver-

age amount of available phosphoric acid found by the Station

analysis exceeded the average guaranteed amount by 1.28 per

ct., the guaranteed average being 7.G2 per ct. and the average

found being 8.90 per ct.

In 301 brands of comi>lete fertilizers the amount of available

phosphoric acid found was equal to or above the amount guar-

anteed, the excess varying from 0.02 to 10.80 per ct. and aver-

aging 1.46 per ct.

In 25 brands the available phosphoric acid was below the

guaranteed amount, the deficiency varying from 0.02 to 5.32 per

ct. and avea'aging 1.03 per ct. In 14 cases the deficiency was

beilow 0.5 per ct.

The amount of water-soluble phosphoric acid varied from

to 9.95 per ct. and averaged 5.52 per ct.

(4) Potash. The complete fertilizers contained potash varying

in amount from 0.27 to 12.00 per ct., and averaging 4.84 per ct.

The average amount of potash found by the Station analysis ex-

ceeded the average guaranteed amount by 0.41 per ct., the guar-

anteed average being 4.43 per bent., and the average found being

4.84 per ct.

In 250 brands of complete fertilizers, the amount of potash

found was equal to or above the guaranteed amount, the excess

varying from 0.01 to 6.49 per ct. and averaging 0.65 per ct.

In 76 brands, 'the potash was below the guaranteed amount,

the deficiency varying from 0.01 to 2.21 per ct. and averaging

0.43 per ct. In 56 of these cases, the deficiency was less than

0.5 per ct.

In 64 cases among the 326 brands of complete fertilizers the

potash was contained in the form of sulphate free from an excess

of chlorides.

(5) The retail selling price of the complete fertilizers varied

from |15 to |60 a ton and averaged |27.27. The retail cost of

the separate ingredients unmixed averaged |19.72, or |7.55 less

than the selling price.
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INTRODUCTION.

NUMBER AND KINDS OF FERTILIZERS COLLECTED.

During the year 1900, the Station's collecting agents visited

138 towns between April 5 and October 1, obtaining 638 samples

of commercial fertilizers. These samples represent 450 different

brands, the product of 92 different manufacturers, each manu-

facturer being represented by from one to 28 brands.

, The subjoined tabulated statement indicates the different

classes included in the collection.

Classes of Fertilizers Collected.

^ , Brands con-
Brands con-

Brands con- ^f"^ ^W brands con- taining nitro-
^J'''°h"„no brands of

tainingonly E^horiL^ taininsonly gen ai>d phos- P^cfdand complete
nitrogen. P'^^S"" potash.

^P^^oru,
ac d

/J^t^^^f,^
fertihzera.

wunouipoiasn. ^^^ uitrosen.

10 37 9 20 48 326

'

COMPOSITION OF FERTILIZERS COLLECTED.

The following tabulated statement shows the average composi-

tion of the complete fertilizers collected during the year, together

with a comparison of the guaranteedvcomposition and that found

by analysis.

Average Composition of Complete Fertilizers Collected.

Average
Per ct. guaranteed Per ct. found. found

Lowest. Highest. Average. Lowest. Highest, average,
guj^^ajj.

tee.

Nitrogen 0.39 8.25 2.06 0.44 8.15 2.16 0.10

Available phos-

phoric acid 0.63 12.00 7.62 1.20 17.47 8.90 1.28

Insoluble phos-

phoris acid.... 0.00 13.20 2.50

Potash 1.00 11.00 4.43 0.27 12.00 4.84 0.41

Water-soluble ni-

trogen 0.00 7.10 0.89

Water-soluble

phosphoric acid 0.00 9.95 5.52
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trade-values op plant-food elements in raw materials and
CHEanCALS.

The trade-values in the following schedule have been agreed

upon by the Experiment Stations of Massachusetts, Rhode Island,

Connecticut, New York, New Jersey and Vermont, as a result of

study of the prices actually prevailing in the large markets of

these states.

These trade-values represent, as nearly as can be estimated,

the average prices at which, during the six months preceding

March, the respective ingredients, in the form of unmixed raw

materials, could be bought at retail for cash in our large markets.

These prices also correspond (except in case of available phos-

phoric acid) to the average wholesale prices for the six months

preceding March plus about 20 per ct. in case of goods for which

there are wholesale quotations.

Tkade-Values of Plant-Food Elements in Raw Materials and
Chemicals.

1900.
Cts per
pound.

Nitrogen in ammonia salts 17

in nitrates 13i^

Organic nitrogen in dry and fine-ground fisli, meat and blood, and
mixed fertilizers 15^

" in fine-ground bone and tanliage loi/^
" in coarse bone and tankage 10%

Phosphoric acid, water-soluble 4i/^
"

citrate-soluble 4
" in fine-ground fish, bone and tankage 4
" in coarse fish, bone and tankage 3
** in mixed fertilizers, insoluble in ammonium ci-

trate and water 2

Potash as high-grade sulphate, in forms free from muriates (chlo-

rides), in ashes, etc 5

Potash in muriate 4i/i

COMPARISON OF SELLING PRICE AND COMMERCIAL. VALUATION.

Giving to the different constituents the values assigned in the

schedule for mixed fertilizers, 15^ cents a pound for nitrogen, 4^

cents a pound for water-soluble phosphoric acid, 4 cents a pound
for citrate-soluble phosphoric acid, 2 cents a pound for insoluble
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phosphoTic acid, and 4^ cents a pound for potash, we can cal-

culate the commercial valuation, or the price at which the

separate unmixed materials contained in one ton of fertilizer,

having the composition indicated in the preceding table, could

be purchased for cash at retail at the seaboard. Knowing the

retail prices at which these goods were offered for sale, we can

also readily estimate the difference between the actual selling

price of the mixed goods and the retail cash cost of the unmixed

materials; the difference covers the cost of mixing, freight, profits,

etc. We present these data in the following tables:

CoMMEEciAL Valuation and Selling Pkice of Complete Fertilizers.

Average in-

Coininercial valuation of Selling price of one ton of creased cost of

complete fertilizers. coaiplete tertilizer. mixed niateriala.
over unmixed

Average Lowest. Highest. Average. materials tor one
ton.

$19.72 $15 $60 $27.27 $7.55

COST OF ONE POUND OF PLANT FOOD IN FERTILIZERS AS PURCHASED
BY CONSUMERS.

In the table below we present figures showing the average cost

to the purchaser of one pound of plant-food in different forms in

mixed fertilizers.

Average Cost of One Pound of Plant-food to Consumers in Mixed
Fertilizers.

Nitrogen 21.4 cents.

Phosphoric acid (available) 6.2 cents.

Potash 6.2 cents.

NEW FERTILIZER LAW.

The State legislature amended the fertilizer law in 1S09 and

attention is called to the principal changes that affect manufac-

turers and dealers.

(1) All fertilizers selling for -five dollars or more per ton will

come under the law, the limit previously having been confined

to fertilizers seling for ten dollars or more per ton.

(2) Every manufacturer, importer, dealer or agent must pay
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a license fee amounting to twenty dollars a year for each separate

brand or kind of fertilizer or fertilizing material.

(3) Statements of guarantee analysis, etc., are to be filed md
license fees paid during Decemher each year covering the goods

to be sold during the year following.

[The detailed analyses of the samples collected are not re-

printed in this report; as they cease to have value before the

report is printed and distributed.—Director.]



INSPECTION OF BABCOCK MILK TEST

BOTTLES*

W. H. Jordan and G. A. Smith.

When Dr. Babcock first announced the test which bears his

name its accuracy was questioned. So many methods for deter-

mining the amount of fat in a given sample of milk had been

found lacking in rapidity or in correctness that many who had a

knowledge of such work were inclined to doubt the certainity of

correct results in any method so simple and so rapid as the Bab-

cock test; but as its workings have become better understood

that feeling has been largely overcome and at the present time

very few question its reliability if properly handled by a careful

operator, who uses correctly calibrated glassware and acid of

proper strength. As the use of this method has become more

general as a means of apportioning the value of milk delivered

at the butter and cheese factories by the individual farmer, there

has come to be a quite general understanding that everything

must be properly done in order to give each produced his due

share. In some instances the use of the test has been discon-

tinued on account of a lack of faith in the methods practiced by

the operator. This lack of confidence has been increasing rather

than diminishing and it has been felt by those interested that

some plan should be devised whereby this feeling could be over-

come and a very general use of the Babcock test in butter and

cheese factories promoted.

Last winter in an amendment to the agricultural law, Chapter

544, one of the provisions added was that: *' Whenever manu-

facturers of butter and cheese purchase milk upon the ba>sis of

* Reprint of Bulletin No. 178.
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the amount of fat contained therein and use for ascertaining the

amount of such fat what is known as the Babcock test, the

bottles used in such test shall before such use be examined by

the director of the New York Experiment Station at Geneva.

If such bottles are found to be properly constructed and gradu-

ated so as to accurately show the amount of fat contained in

milk, each of them shall be legibly and indelibly marked S. B."

The director of the station knew nothing of the passage of

this law until some time after it was placed on the statute books

and for that reason was not prepared to comply with its pro-

visions as soon, nor to the extent desirable in a law of that

class. Before we were able to get a marking device perfected

that would comply with the provisions of the law, some bottles

came with the request that they be returned at an early date.

In order to accommodate these first applicants we resorted to the

use of a copper tag with S. B. stamped on that and returned the

tested bottles with the understanding that we should, as soon as

we could, recall those bottles and properly mark them. Some

of those bottles have been returned but the others are still out

and should be returned and legally marked. We use for that

purpose an air pressure sand blast and a stencil with the letters

S. B. cut in it.

The law as now worded is a step in the right direction, but

other provisions should be added in order to cover the whole

ground in such a way that there can be no misunderstanding of

the requirements. The inspection should cover all Babcock

bottles used to determine the per ct. of fat in the milk, whether

the milk is purchased outright or divided on a cooperative plan.

The pipette and all other glassware as well as the bottles should

be tested and marked. The use of mutilated or falsified glass-

ware should be forbidden under penalty severe enough to deter

the shrewd maker from breaking off the tip of the pipette or

similar dishonest practices in order to show a small percentage

of fat and consequent large overrun of butter. This fraudulent

manipulation of the test is one of the factors which has tended

to give the impression that the system is not correct. A farmer
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takes his milk to the factory and it contains, by test, a certain

amount of fat. On this basis he receives a given price per hun-

dred for his milk, this price being fixed by the returns from the

butter sold. When he meets his neighbor who patronizes an

adjoining factory and whose milk tests the same as his and whose

butter is sold at the same price, but who gets more per hundred

for the milk, he condemns the test; when the trouble is not in

the method but in the way it is handled. A competent, honest

man with clean, correctly graduated glassware, will give uniform

results and we must have that combination to make the Babcock

fat test uniformly acceptable.

Some states require the operators of the Babcock test to pass

an examination to determine whether they have sufBcient knowl-

edge of its workings to make a correct test. This is a proper

safeguard but it lacks in one particular, that it does not tell

whether the applicant for a position is an honest man, which is

quite as necessary as that he be intelligent enough to operate the

machine. In order to have the work of the Babcock test per-

fectly satisfactory it may be necessary for the State to have

careful inspection made at factories and creameries to know that

the work is done in an honest, careful way.

The method followed at the Station in testing the bottles is

as follows: A graduated burette, which has been carefully tested

beforehand to insure its accuracy and uniformity at all points of

the scale, is filled with cleaned, dried mercury. If the bottle to

be tested has been used it is first thoroughly cleansed and dried;

but this is omitted with new, clean bottles. The bottle is then

placed under the burette and filled with mercury, first rapidly to

the o mark, then slowly, with repeated comparison with the

burette scale, to the top of the scale on the bottle. If the filling

does not show any irregularity in the neck of the bottle, and if

the variation is not over j\ of one per ct. in, the length of the

10 per ct. graduation of the bottle, it is passed as correct, as

the variation in the ordinary sample of milk would be so small

that it would be imposible to detect it. If the variation is Z^

of 1 per ct. or over, the bottle is rejected and destroyed. The
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law did not call for the examination of the pipettes and only a

few were sent. Those that came were examined, and, as a rule,

found correct.

The whole number of bottles examined was 2259. There were

rejected from that number 76 bottles. The new bottles were,

as a rule, fairly correct, the largest variation being in bottles

made in the early history of the test. Some bottles of that char-

acter showed a variation of nearly 1 per ct. from the burette

scale.

Following is a list of creameries and individuals who have com-

plied with the law and sent their bottles for examination.

List of Parties Sending Baecock Test Bottles for Examination.

N.irae.
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REPOET OF ANALYSES OF PARIS GREEN AND
OTHER INSECTICIDES IN 1900J't

L. L. VanSlyke and W. H. Andrews.

SUMMARY.

In accordance with tlie provisions of a law designed to protect

purchasers of Paris green, samples were secured during 1900 and

the results are published in this bulletin.

Paris green contains as its chief constituent a compound called

copper aceto-arsenite, which, when chemically pure contains:

Arsenious oxide 58.64 per ct.

Copper oxide, 31.30 "

Acetic acid, 10.06 «

In the 22 samples of Paris green examined, the arsenious oxide

varied from 55.83 to 60.80 per ct. and averaged 57.05 per ct. The

water-soluble arsenious oxide varied from 0.61 to 15.69 per ct.

and averaged 1.68 per ct.

The copper oxide varied from 27.22 to 31.20 per ct. and

averaged 30.02 per ct. The amount of arsenious oxide for each

pound of copper oxide varied from 1.81 to 2.24 and averaged 1.89

pounds. The impurity most commonly found was white arsenic

and this did not appear to be excessive. The general result of

the examination is to show a good quality of Paris green in the

market at the time the samples were taken.

Printeci by the authority and under the direction of the Commissioner
of Agriculture.

t Reprint of Bulletin No. 190.

29
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There are given in addition, analyses of Arsenoid, Paragrene,

Blaok Death, Bug Death, and Hammond's Slug Shot.

INTRODUCTION.

During the year 1900, there were collected for analysis twenty-

two samples of materials sold as Pafis green, and also one sam-

ple each of Arsenoid, Paragrene, Black Death, Bug Death and

Hammond's Slug Shot. Of the twenty-two samples of Paris

green analyzed, ten represent firms whose goods were not exam

ined by us in 1899.

CHEMICAL COMPOSITION OF PARIS GREEN.

Paris green, or copper aceto-arsenite, may be regarded, when

chemically pure, as containing approximately

Copper arsenate 82 per ct.

Copper acetate 18 "

However, it is customary, when speaking of the amount of

arsenic contained in Paris green, to refer to it as arsenious oxide,

and similarly the amount of copper is referred to as copper oxide.

Arsenious oxide, as such, and copper oxide, as such, are not pres-

ent in pure Paris green, and the use of these terms in giving the

results of chemical analysis is simply a convenient custom. Using

the usual form of expression, as thus explained, we should give

the composition of pure copper aceto- arsenite as follows:

Arsenious oxide 58.64 per ct.

Copper oxide 31.30

Acetic acid 10.06

When we say that this compound in pure form contains 58.64

per ct. of arsenious oxide, we mean that the amount of arsenic

present simply is equivalent to the quantity of arsenious oxide

stated, and not that arsenious oxide is present to that or any
other extent in the compound known as copper aceto-arsenite.

Now, Paris green, as found in the market, rarely, if ever, con-

sists entirely of pure copper aceto-arsenite, but contains this
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compound as its chief constituent, with varying proportions of

other substitutes. The varying composition of Paris green is

usually due to variations in care given to the details of the pro-

cess of manufacture.

Methods of chemical analysis.—^TTie total arsenic was determined by the

method proposed by Thorn Smith (Jour. Am. Chem. Soc, 21 : 769) as modi-

fied by J. K. Haywood (same journal, 22 : 576). In determining the water-

soluble arsenic, J. K, Haywood's method was used (Jour. Am. Chem. Soc,

22 : 578), except that the Paris green was treated twenty-four hours for

extraotlon at the rate of one part by weight of Paris green to 1,000 parts

of distilled water. Ike copger was determined by electrolysis.'
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DISCUSSION OF RESULTS OF CHEMICAL ANALYSIS.

1. Total arscnious oxide.—In the 22 samples of materials sold

as Paris green, examined by us, the amount of arsenic, equiva-

lent to arsenious oxide, varies from 55.83 to 60.80 per ct., and

averages 57.05 i^er ct. This average is about one-half of one per

ct. higher than that found last year, and is about one and one-

half per ct. below the equivalent of arsenious oxide contained

in pure copper aceto-arsenite. So far as the total arsenic con-

tent is concerned, the amount found indicates a high quality

of Paris green. The variation is about the same as last year

and, excepting two samples, is within surprisingly narrow limits. .

The lowest amount of arsenious oxide is nearly six per ct. above

that required by law, viz.: 50 per ct. Were the total amount of

arsenic present in Paris green the only point to be considered,

the quality would be regarded as very satisfactory, but we must

consider at the same time the amount of water-soluble com-

pounds of arsenic present in Paris green.

2. Water-soluhle compounds of arsenic.—The presence of water-

soluble arsenic in Paris green is seriously objectionable, owing

to the fact that soluble arsenic compounds injure foliage. Hil-

gard, of California, states that in the dry climate of California

Paris green injures foliage when it contains an equivalent of

more than four per ct. of arsenious oxide in the form of water-

soluble arsenic compounds. The water-soluble arsenic most

commonly occurring in Paris green is in the form of arsenious

oxide, commercially known as common white arsenic.

The method of analysis used by us in determining the amount

of water-soluble arsenic compounds in Paris green should show

the full amount of such compounds that would be found in

actual field work where Paris green is mixed with water at the

rate of one part by weight of Paris green to 1,000 parts of water

and the mixture used soon after preparation. By longer extrac-

tion with water, larger quantities of soluble arsenic compounds

can be obtained
;
but for our purpose, it is desirable to approxi-

mate the amount likely to be found in actual field practice in
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the use of Paris green under the conditions commonly employed.

It would, in our judgment, be proper to condemn for use as an

insecticide Paris green or other similar materials that yield

more than four per ct. of water-soluble arsenic compounds

expressed as arsenious oxide when treated for 24 hours with

distilled water at the rate of 1000 parts of water for one part

of Paris green or arsenic-containing materials.

The water-soluble arsenious oxide varies in the 22 samples of

Paris green examined from 0.51 to 15.69 per ct. and averages

1.G8 per ct. Excluding sample No. 50 from the average, the

amount of water-soluble arsenious oxide in the remaining 21

samples is a trifle over one per ct., very far below limit of harm

prescribed for use as an insecticide. Sample No. 50 is to be

condemned as wholly unfit for insecticidal purposes on account

of the very large excess of arsenic compounds present in water-

soluble forms.

3. Copper in Paris green determined as copper oxide.—The

amount of copper expressed as the equivalent of copper oxide

varies in the 22 samples of Paris green examined from G.86 to

30.73 per ct. and averages 28.97 per ct. However, sample No.

50 is clearly shown by its low copper content not to be Paris

green at all, or, at least, to contain only a small proportion of

Paris green, and we may properly exclude this from our average.

Then in the remaining cases the average is 30.02 per ct. of copper

oxide, about the same as last year.

4. Relation of copper oxide to arsenious oxide vn Paris green.
—In

pure copper aceto-arsenite there are 1.87 pounds of arsenious

oxide for one pound of copper oxide. Now, this relation is of

value in showing whether Paris green contains more arsenious

oxide than it ought. The chief adulterant used in Paris green

is arsenious oxide, commercially known as white arsenic. This

is used because it is cheaper than Paris green and also because

it can be safely added without any danger of reducing the

amount of arsenious oxide. In fact, a very poor quality of Paris

green can be brought up to the legal requirements by addi-

tion of arsenious oxide. However, arsenious oxide cannot be
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added to Paris green without increasing the ratio of arsenious

oxide to copper oxide above 1.87. In the samples examined,

excluding No. 50, the ratio of arsenious oxide to copper oxide

varies from 1.81 to 2.24 and averages 1.89. In sample No. 33

the arsenious oxide exceeds 60 per ct. and the copper is less

than 28 per ct.; hence, the arsenious oxide is present in amounts

more than twice exceeding the copper oxide. In other words,

there is too much arsenious oxide for the copper oxide present

and the only possible inference is that white arsenic or some

other arsenic compound has either been added purposely or is

present as the result of carelessness in manufacture.

5. Results of mic7'oscopic examination.—In Bulletin No. 126 of

the California Experiment Station, the microscopic examination

of Paris green for adulteration, especially that of uncombined

arsenious oxide (common white arsenic) is highly recommended.

This test in our hands has been found helpful as an adjunct, but

cannot take the place of chemical analysis. We cannot in our

work see any definite relation between the number of crystals of

arsenious oxide shown by the microscope and the amount of

water-soluble arsenious oxide as shown by chemical determina-

tion. So far as our experience with the samplers examined goes,

microscopic examination cannot be relied upon to distinguish

with certainty a Paris green containing an injurious amount of

water-soluble arsenic.

6. SoliiMUti/ of Paris green in ammonia.—The solubility of Paris

green in ammonia is a useful test for detecting the presence of

insoluble adulterants like barium sulphate, calcium sulphate and

similar materials. It cannot, however, be regarded as an

entirely reliable test for detecting the presence of arsenious

oxide or common white arsenic, the most common impurity of

Paris green.

1. General conclusion as to purity of Paris green m market.—
Our results indicate a satisfactory condition as to the arsenic

content of Paris green found in the market during 1900, and the

same can be said as to the amount of water-soluble compounds

present in the samples examined, excepting only, No. 50.
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EXAMINATION OF MISCELLANEOUS INSECTICIDES.

ANALYSIS OP ARSENOID.

The 'Sample examined was made by the Adler Oolor and Chem-

ical Works of New York city and contains:

Total arsenic equivalent to arsenious' oxide 58.82 per ct.

Water-soluble arsenic equivalent to arsenious oxide. 2.94 "

Copper equivalent to copper oxide 30.76 '*

Moisture 1.91 "

ANALYSIS OP PARAGRENE.

One sample of this material was found to contain:

Total arsenic equivalent to arsenious oxide 3(1.11 per ct.

Water-soluble arsenic equivalent to arsenious oxide. 1.47 "

Copper equivalent to copper oxide 17 . 87 "

Calcium equi^ alent to calcium oxide 14 .20 "

Moisture S . 15 "

ANALYSIS OF BLACK DEATH.

Moisture . 78 per ct.

Sulphate of lime (gypsum) 45 . 34

Magnesium oxide 3 . 98 "

Iron and aluminum oxide 3.02 "

Arsenious oxid^ . 79 "

Copper oxide . 41

Silica 5.42 '

Loss on ignition 28.91 " *

Whatever efiiciency this material may have as an insecticide

is not due to the Paris green or other arsenic compounds con-

tained in it.

ANALYSIS OP BUG DEATH.

Moisture 0-25 per ct.

Zinc oxide 8G . 80

Iron oxide 5 . 20

Lead oxide 2.01

Silica 2.96
•;

Loss on ignition
2.43

Phosphoric acid .03

Nitrogen
' ^-'^^

Potash 0.00 "

Some claims are made for this material as a fertilizer, but the

claims are not supported by the results of analysis.
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Hammond's slug shot.

Moisture 10 . S8 per ct.

Sulphate of lime (gypsum) 74 . 72

Arsenious oxide 1.04

Copper oxide . 59

Iron and aluminum oxides 3. 15

Silica 2.77

Loss on ignition 6 . 78

DEFECTS OF PRESENT PARIS GREEN LAW.

In its present form the Paris green law of this State is seri-

ously defective in seA'^eral respects, most prominent of which

are the following:

1st. The present law wholly fails to protect consumers from

adulteration of Paris green by water-soluble arsenic compounds,

the most common of which is uncombined arsenious oxide or

common white arsenic.

2d. The total amount of arsenic required in Paris green by

the present law, viz., the equivalent of 50 per ct. of arsenious

oxide is needlessly low. In our examination of Paris green as

sold in this State during the past two years, the lowest amount

of arsenic found was 55.34 per ct., over five per ct. above the

present required standard.

3d. The law fails to require that the arsenious oxide in Paris

green should be in combination with copper. This omission

offers opportunity for serious abuse. Sample No. 50 offers a

good illustration of this. In that case there is not one-fourth

as much copper as should be present to combine with the

arsenic.

In order to remedy these defects, the section of the law that

so completely fails to define Paris green, should be changed so

as to cover the following points:

1st. Paris green should be required to contain an amount of

arsenic in combination with copper equivalent to 54 per ct. of

arsenious oxide.
' ^ ^

2d. Paris green should be legally declared adulterated if it

contains arsenic in water-soluble forms equivalent to more than

three per ct. of arsenious oxide.
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PERIODICALS RECEIVED BY THE STATION.

Acker und Gartenbau Zeitung Complimentary.

Agricultural Education "

Agricultural Epitomist
"

Agricultural Gazette of New South ^\'ales. ...
"

Agricultural Student "

Agricultural Students' Gazette "

Albany Journal Subscription.

Allegan Gazette Complimentary.

American Agriculturist Subscription.

American Chemical Journal "

American Chemical Society, Journal "

American Cultivator Complimentary.

American Entomological Society, Transactions. Subscription.

American Fancier "

American Fertilizer
"

American Florist
"

American Gardening
"

American Grange Bulletin Complimentary.

American Grocer "

American Journal of Physiology Subscription.

American Monthly Microscopical Journal "

American Naturalist
"

American Philosophical Society, Proceedings.. Complimentary.

American Stock Keeper
"

Analyst Subscription.

Angelica Every Week Complimentary.

461



4G2 Periodicals Received by the

Annales Agronomiques ; Subscription.

Annales de I'lnstitut Pasteur "

Annals and Magazine of Natural History
"

Annals of Botany
"

Archiv der gesammte Phj' siologie (Pflueger) ...
"

Arcbiv fuer Hygiene
"

Association Beige des Chimistes, Bulletin Complimentary.

Baltimore Weekly Sun "

Beet Sugar Gazette. "

Berichte der deutsclien botanischen Gesell-

schaft Subscription.

Berichte der deutschen chemischen Gesell-

schaft
"

Boletin do Institute Agronomico do Estado de

Sao Paulo Complimentary.

Boletin de Agricultura Tropical
"

Boston Society of Natural History, Proceedings Subscription.

Botanical Department, Jamaica, Bulletin Complimentary.

Botanical Gazette Subscription.

Botanische Zeitung
"

Botanisches Centralblatt
"

Botaniste, Le
"

Breeders' Gazette

Buffalo Society of Natural Sciences, Bulletin . . Complimentary.

Canadian Entomologist Subscription.

Canadian Horticulturist Complimentary.

Centralblatt fuer Agrikultur-Cliemie Subscription.

Centralblatt fuer Bakteriologie und Parasiten-

kunde •

Chemical News
u

it

tt

Chemical Society, Journal

Chemiker Zeitung

Chemisches Centralblatt

Chicago Daily Drovers' Journal Complimentary.

Chicago Dairy Produce

Ciacinnati Society of Natural History, JournaU "
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Columbus Horticultural Society, Journal Comi>limentary.

Commercial Gazette "

Commercial Poultry
"

Comptes Rendus Subscription.

Country Gentleman "

Country World Complimentary.

Dairy and Creamery
"

DeRuyter Gleaner "

Detroit Free Press "

Edwards' Fruit-Grower and Farmer "

Elgin Dairy Report
"

Elisha Mitchell Scientific Society, Journal "

English Catalogue- of Books "

Entomological News Subscription.

Entomological Society of Washington, Proceed-

ings
t(

Entomologische Zeitschrif t
"

Entomologist
"

Entomologists' Record "

Fanciers' Review Complimentary.

Farm and Fireside "

Farm and Home "

Farm Journal *
"

Farm News "

Farm Poultry Semi-Monthly
"

Farm, Stock and Home. "

Farmers' Advocate "

Farmers' Call
"

Farmers' Guide "

Farmers' Home "

Farmers' Magazine
"

Farmers' Tribune ''

Farmers' Voice
"

Feather Subscription,

Feathered World "

Florists' Exchange



iGJ: Periodicals Received by the

Fuehling's landwirtschaftliche Zeitimg Subscription.
Garden ~ "

Gardners' Chronicle «

Gardening «

Geneva Gazette Complimentary.

Gleanings in Bee Culture "

Golden Egg '.
"

Green's Fruit Grower "

Hedwigia Subscription.

Herd Register Complimentary.
Hoard's Dairyman "

Holstein-Friesian Register
"

Homestead "

Horticultural Visitor "

Indiana Farmer "

Industrie Laitiere "

Irrigation Age "

Ithaca Democrat "

Jahresbericht der Agrikultur-Chemie Subscription.

Jahresbericht der Nahrungs und Genussmittel. "

Jersey Bulletin Complimentary,

Journal d'Agriculture Pratique Subscription.

Journal of Applied Microscopy
"

Journal de Botanique
"

Journal of Experimental Medicine "

Journal fuer Landwirtschaft "

Journal of Physiology
"

Just's Botanischer Jahresbericht "

Landwirtschaftlicher Jahrbuch "

Landwirtschaftlichen Versuchs-Stationen "

Louisiana Planter Complimentary.

Meehan's Monthly Subscription.

Michigan Sugar Beet Complimentary.

Milch Zeitung Subscription.

Mirror and Farmer Complimentary.

Monthly Weather Review "
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National Nurseryman Complimentary.

National Farmer and Stock Grower "

National Stockman and Farmer "

Naturae Novitates "

Naturaliste Subscription.

Naturaliste Canadienne "

Nature "

• Nebraska Farmer Complimentary.

New England Farmer "

New York Academy of Science, Annals and

Transactions Subscription.

New York Botanical Garden, Bulletin Complimentary.
New York Entomological Society, Journal .... Subscription.

New York State Granger Complimentary.
North American Horticulturist "

Northwest Horticulturist "

Northwest Pacific Farmer "

Oesterreichische Chemiker Zeitung Subscription.

Ohio Poultry Journal "

Oregon Agriculturist Complimentary.
Pacific Coast Dairyman "

Pacific Coast Fanciers' Monthly Subscription.

Pacific Rural Press "

Plattsburgh News Complimentary.
Pomona Herald '

. . , .
"

Popular Agriculturist
"

Poultry Herald Subscription.

Poultry Keeper Complimentary.

Poultry Industry
"

Poultry Monthly «

Poultry Star "

Practical Farmer "

Practical Fruit-Grower "

Prairie Farmer *'

Progres Agricole et Viticole Subscription.

Psyche ^
8« /^..*.V(1
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Public Ledger, Philadelphia Complimentary.

Queensland Agricultural Journal "

Revue Generale de Botanique Subscription.

Revue Horticole "

Revue Mycologique
"

Royal Agricultural Society, Journal. "

Rural New Yorker .'
"

Salt Lake Herald Complimentary
Saint Louis Academy of Science, Transactions. "

Sanitary Inspector
"

Science Subscription.

Society of Chemical Industry Journal *'

Societe Entomologique de France, Bulletin. . . . Complimentary.

Societe Mycologique de France, Bulletin Subscription.

Southern Planter Complimentary.

Southern Farm Magazine
"

Southwestern Farmer and Ameiican Horticul-

turist "

Stazione Sperimentale Agrarie Italiane "

Strawberry Specialist
"

Suffolk Bulletin «

Sugar Beet "

Texas Stockman and Farmer "

Torrey Botanical Club, Bulletins and Memoirs. Subscription.

Up-to-Date Farming and Gardening Complimentary.

Utica Semi-Weekly Press "

Wallace's Farmer "

Watkins Review "

West Virginia Farm Reporter
"

Western Fruit-Grower "

Western Plowman "

Wiener illustrierte Garten-Zeitung Subscription.

Woman's Home Companion Complimentary.

Zeitschrift fuer analytische Chemie Subscription.

Zeitschrift fuer Biologie
"

Zeitschrift fuer Entomologie .,,,,..,,,,,..., Complimentary,
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Zeitschrift fuer Fleiscb und Milch Hygiene. . . . Subscription.

Zeitschrift fuer Pflanzenkrankheiteu "

Zeitschrift fuer phjsiologische Chemie "

Zeitschrift fuer Untersuchung der Nchrungs
und Genuss-Mittel "

Zoologischer Anzeiger
"

Zoological Kecord "
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Summary of Direction of Wind for 1900.
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A.

Agromyza simplex. (See Asparagus miner.)

Analyses of commercial feeding stuffs 420

Authracnose of raspberry 206

snapdragon 61

description 02, 65 •

Antirrhinum majus. (See Snapdragon.)

A pple blossom, structure 395

blossoms, effect of spray mixtures or. 385

canker, prevalence 174

crown gall on 170

Cytospora on 175.

diseases in 19€0, notes on 171

fruit spot, note ] 72.

hail injury to 178

liairy root on 177

leaf miners, notes on 279

spot, prevalence 172

MacropJioma on 174

powdery mildew on 178

scab, prevalence 171

tree canker, effect of 343

notes on 342

prevalence 174

treatment 347

trees, sprayed, fruit setting of 301, 302, 303, 304, 365, 300, 368

389, 390, 392, 393

Apples, yield as affected by spraying in bloom 402, 405, 408, 411

Apricot, brown spot of 181

diseases, prevalence of 180

*>!
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PAGE
Apricot, collar rot of ISO

Cytospora on ISl

Arsenoid, analysis 45(5

Asparagus miner, notes on 2J}2

ornamental, Rhizoctonia on 115

rust, damage by
'

123

description 125

history and distribution 124

metbod of controlling 129

recommendation for treatnuut 1.52

spraying for 122

Bprayer, description of 15:i

spraying experiments 137, 142

varieties resistant to rust 130

Babcock milk test bottles, Inspection 14, 444

Bacillus amylovorus. (See Twig bligbt of apple and Pear blight.)

Bacteria, cause of bitter flavor in Neufchatel cheese 39

cause of rusty spot in cheese 45

Bacteriology, Department of, report 27

summary of work 15

Bean, Rhizoctonia on 104

Beet, Rhizoctonia on 105

Bitter flavor in Neufchatel cheese 38

" Black Death," analysis ^-jG

Black knot on cherry
'

1S5

Blackberry cane knot 1^5

diseases, prevalence of 182

fall rust of 182

orange rust 1 82

Blossom, apple, structure of 395

Body blight of pear 198

Botanical work, summary IG

Botany, Department of, report ^^

-Brands of commercial feeding stuffs licensed 421
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Brown spot of apricot 181

peach 192

" Bug Death," analysis 456
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No. 174 335

No. 175 55

No. 176 . 415

No. 177 438

No. 178 444

No. 179 61

No. 180 263

No. 181 287

No. 182 69

No. 183 29

No. 184 251

No. 185 342

No. 186 97

No. 187 213

No. 188 122

No. 189 292

No. 190 449

No. 191 167

No. 192 231

No. 193 297

No. 194 317

No. 195 9

No. 196 351

Bulletins published 23

Burning for asparagus rust 129

C.

Cabbage and cauliflower, Rhisoctonia on 106

Cane blight on currant 188

raspberry 208

knot of blacl£berry 185

raspberry caused by anthracnose 200
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Canker and black rot of quince 205

apple tree. (See Apple tree canker,)
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Carnation, Rhizoctonia on 110

rust, description 57

parasite upon .' 55
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Celery, Rhizoctonia on 107

Changes in Station staff 9
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sweet flavor i:i 40
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effect of temperature of curing 251
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hail injury to 18<>
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Clisiocampa disstria. (See Forest tent-caterpillar.)

Collar rot of apricots 180

Colletotrichum antirrhini on snapdragon 61

description Gi'

Commercial feeding stuffs, analyses 42(5

fertilizers for potatoes 213

inspection 43S

Concentrated feeding stuft's. inspection 14
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Cooperative experiments 13
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Department of Bacteriology, report 27
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